WO 03/ 006612 PCT/ US02/21713 1 Production of transduced hemat opoietic
progenitor cells Field of the Invention: The present invention relates to
gene t herapyg/opsiti cul arly as applied to 5 henatopoietic mcagsoztons ( HP)
cells. More particularly, the present invention relates to the production
of an enriched pool of transduced HP cells for delivery to a human subj ect
to achieve a desired therapeutic effect dnd to met hods of maki ng and usi ng
the enriched pool of transduced HP cells. 10 Background to the Invention:
For purposes of this invention, gene therapy refers to the deliberate
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10 Background to the Invention:

For purposes of this invention, gene therapy refers to the deliberate introduction
of recombinant DNA sequences into particular cell types for therapeutic benefit. Gene
therapy may involve the introduction of a required gene or the use of other nucleic acid
constructs to inactivate aberrantly expressed genes. Gene therapy may be aimed at a

15 variety of diseases in which there is a genetic defect, for example.

A number of investigators have proposed and tested a variety of gene therapy
approaches using novel anti-Human Innnunodeﬁciency Virus agents in tissue culture.
These approaches include intracellular expression of transdominant proteins (Smythe et
al. 1994), intracellular antibodies (Marasco et al. 1998), antisense ribonucleic acid

20 (RNA) (Sczakiel et al. 1991), viral decoys (Kohn et al. 1999), and catalytic ribozymes
(Sarver et al. 1990; Sun et al. 1994, Sun et al 1996).

Ribozymes are small catalytic RNA moieties capable of cleaving specific RNA

target molecules, including, for example HIV-1 and other strains of HIV. For example,

ribozymes directed against HIV-1 can interfere with HIV-1 replication by interfering in



2 several steps in the HHV-1 life cycle including (i) the production of
genomc viral RNA in recently infected cells (prior to reverse

transcri pwooapo@nzl (ii) the production of viral RNA tran®crmiused2f71dm t he
provirus before translation or prior to genom c RNA packagi ng (Sarver et
al . 1990; Sun et al. 1994; Sun et al 1996; Sun et al. 1998). 5 Generally,

ri bozynes are believed to be nore effective than anti sense-based therapies
because ribozynes are catal ytic nol ecul es where a single catalytic ribozyne
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expreSS| ng the catalytic RNAs could result in the 15 elimnation of cells
t hat ' cont@ai Menerallgxdhpermes atgdrebicvet tababeare effeciive dhansartigensedapastiberantead
ri bozyne cl eavage activity in test tube reactions, and protective effects
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ribozymes; for 20 “exanple, head ri bozyne, denoted 2, directed

agai nst a hlég?d, ﬁu%ogalel_#%gis PT9 ) the tat gene, (Figure 1). The tat

gene is ess | ca it encodes and produces the Tat
rovirus. The Re3hF fBaRgHEL 'ﬁé’n” 25%%%%% GRS SR B UPETREORRBIAYY get
SCAUENCET, { Bnd, i B bass of the himmamerhead ibosy e, 6 necd for & GUX targe! moif (where
G is guanosine and X is A, C or U ribonucleotides; in certain cases NUX may suffice
(where N is any ribonucleotide and X is A, C or U ribonucleotides). Unlike some other
anti-viral therapies, catalytic RNAs are unlikely to provoke an immune response.
Unwanted immune responses expressing the catalytic RNAs could result in the
15 elimination of cells that'contain the exogenous gene.
A number of studies have demonstrated ribozyme cleavage activity in test tube
reactions, and protective effects in tissue culture systems against laboratory and clinical
isolates of HIV-1 (Sarver et al. 1990; Sun et al, 1994; Sun et al 1996; Sun et al. 1998;
Wang et al. 1998). These studies used either hammerhead or hairpin ribozymes; for
20 example, a hammerhead ribozyme, denoted as Rz2, directed against a highly conserved
region of the fat gene, (Figure 1). The tat gene is essential for HIV-1 replication; it
encodes and produces the Tat protein that is a transcriptional activator of the integrated

HIV provirus. The Rz2 ribozyme includes complementary hybridizing and target

sequences that comprise nucleotides 5833-5849 (GGAGCCA GUA GAUCCUA, SEQ



WO 03/ 006612 PCT/ US02/21713 3 ID NO 1) of reference strain H V-HXB2
(Genbank accessi on nunber KO03455) and simlarly can target nucl eotides
5865 t o0 588D30GEMECCA GUA GAUCCUA, SEQ ID NO 1) of HV I PCB/USCGEtIank
accessi on nunber X01762). In these studies the Rz2 ribozynme sequence

5 -TTA GGA TCC TGA TGA GIC CGTI GAG GAC GAA ACT, 5 G&C TC-3', SEQ ID NG 2
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10 (MoMLV) Long Terminal Repeat (LTR) in RRz2. Use of this virus successfully
cleaved HIV infected cells in vitro.

The introduction of a therapeutic gene into CD34+ pluripotent hematopoietic
progenitor cells ex vivo is an attractive possibility for the treatment of HIV-1 infection,
since these progenitor cells may be readily separated from more mature hematopoietic

15 cells (note that the CD34+ antigen is a membrane-bound 115 Kd molecule present on
cells that are capable of giving rise to multilineage colony forming cells, but absent on
more mature hematopoietic cells (Baum et al. 1992)) and are capable of relatively
rapidly reconstituting lymphoid (CD4+ and CD8+ T-lymphocytes) and myeloid
(monocyte/macrophages) hematopoiesis (Levinsky 1989; Schwartzberg et al. 1992).

20 The hematopoietic progenitor (HP) cells differentiate and mature to give rise to cells of
increasing maturity of the various lineages through intermediate progenitor cells. Key
cells in terms of HIV/AIDS infection are the CD4+ T-lymphocytes and the monocyte/
macrophages. Notwithstanding the time required for reconstitution, a single CD34+ HP

cell is theoretically capable of reconstituting the entire hematopoietic system consisting



cell is theoretically capable of reconstituting the entire hematopoietic
system consi sting WO 03/006612 PCT/ US02/21713 4 of cells of varying stages
of mat uriwQ oddoodsinn t he various |ineages. That said, from acTarsaptizesl
standpoi nt, the optinmal nunber of transduced HP cells that could
efficiently repopul ate the hematopoieti g systemw th a gene nodified cell
popul ation and could thereby inpact on disease was not known. 5 Two Phase
| clinical trials have been conducted using RRz2 by introducing the
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fromH V negative donors, transduced ex vivo and introduced into twn
si bl i ngs whBeigbydmpasien disgass watiaolsiewn. ( Cooper et al, 1999). In the CD34+
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t hese cel% s i nt oTwh&hgsenkeclimival tinls havs bstrooanductedasing RRw2dyl introdwcing thee and
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10 from the approach described herein. In the CD4+ trial, RRz2 containing lymphocytes

were taken from HIV negative donors, transduced ex vivo and introduced into twin
siblings who were genetically identical (Cooper et al, 1999).
In the CD34+ trial, the introduction of RRz2 into CD34+ cells ex vivo and
infusion of these cells into the same patient was shown to be technically feasible and
15 safe and resulted in ribozyme construct presencé and expression in peripheral blood
lymphoid and myeloid cells. The study’s purpose was at least in part to render cells in
an HIV infected individual at least partially protected from HIV-1 infection and HIV-1
intracellular replication. Indeed the studies demonstrated preferential survival of
RRz2-containing lymphocytes over LNL6-containing lymphocytes in the CD34+ trial.
20 Unlike the present invention, the Phase I HP trial was performed using a lower mean
cell number being returned per patient and employed reduced transduction efficiencies
than what is suggested in the present invention. Instead the Phase I trials were
established to assess, the ability and safety of the ex vivo approach, and to determine

the length of presence (persistence) of the hematopoietic cell progeny of these



established to assess, the ability and safety of the ex vivo approach, and
to determine the length of presence (persistence) of the hematopoietic
cel | progeoywsobssihese WO 03/ 006612 PCT/ US02/ 21713 5 tran®dmasdzezehds in a
patient. It is known that CD34+ cells have a large reconstitution and
repopul ation potential, and there is evidence that CD34+ cells are not
directly infected by HV. In part, the gresent invention relates to the
identification of a therapeutically relevant |evel of transduced CD34+
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10 produce genetically modified mature lymphoid and myeloid cells within a reasonable

amount of time.

It is held by the present inventors that in order to achieve a benefit to the patient
with genetically modified HP cells, that have been transduced ex vivo, it is necessary
that the recipient patient receive a sufficient number of transduced HP cells to produce

15 a chimeric hematopoietic system that will yield enough ribozyme-containing mature
lymphoid (CD4+ and CD8+ T-lymphocytes) and myeloid (monocyte/macrophages)
cells to impact on viral infection and/or disease progression. This is also true for any
disease, viral or not where genetically modified HP cells or more mature progenitor
cells of thie hematopoietic lineage are needed. In these diseases the HP cells are

20 identically isolated, processed, and transduced to give rise to gene-containing progeny
that can be reintroduced into a patient and can then become established, or engrafted in
the bone marrow of that patient. The present invention is therefore directed at defining,
obtaining and preparing the required therapeutic dose of an enriched pool of HP cells

transduced with a therapeutic gene for delivery to the patient, this enriched pool being



t he bone marrow of that patient. The present invention is therefore
directed at defining, obtaining and preparing the required therapeutic
dose of awoenwiehrd pool of HP cells transduced with a tReraseutize3 gene
for delivery to the patient, this enriched pool being WO 03/006612

PCT/ US02/ 21713 6 derived froma popul ati,on of HP cells, including CD34+
cells. The rationale is that these tranSduced HP cells will give riseto
mature | ynphoid and nyeloid cells containing the therapeutic gene. 5 Brief

descri pti on defivddieord @GRpRRRYH BEIHPIcglE, escludthg ODB4+ celloVTEeaitiamale id that r at i on
of the location of the ribozyne target site within the H V-1 genone.
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provi des a retfterreglF he I‘IE me sequence together with its conplenentary
target and Wﬁ%‘qﬁ eﬁ%}’%‘ Ce within the tat gene. The target GUA

cl eavage site is circled; and Figure 1 C provides the |ocation of a GUA
target sequence in the genes encoding Tat and Vpr proteins. Figure 2 is a
flow chart of the exerrpl ary steps of the present invention. Preferably,

t he stepsdi Brichile 3 aecamaprany/ieng figuresi n a sequential manner as shown.
15 Figure 3 ill ustrates the princi paI of real-time quantitative PCR, in
this case, DzyNAFRGR 1 baviddsan daisaativmat the locafiod bfthpeibogyrhapegwkite
gene-cont ai ni ng and gene- expressing cells. Figure 3Ais a schematic of the

DzyNA PCR defif! f@HIvR| ge%rﬁ@ A oG em%ﬁte§ agmerﬁette bR SRR SFineaganyi tation.

Figure 4 illustrates thé mat hemati cal " nodel for I yrrphocyt e

production 20 fr C
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h h th I

arrow. pas ?)rotwc{ecs) litgpre erreed %Ife r?bcc}zlyrcx)lg sequence together with its complementary target and

10 hybridizing sequence within the zar gene. The target GUA cleavage site is circled; and
Figure 1C provides the location of a GUA target sequence in the genes encoding Tat
and Vpr proteins.

Figure 2 is a flow chart of the exemplary steps of the present invention.
Preferably, the steps in this example are carried out in a sequential manner as shown.

15 Figure 3 illustrates the principal of real-time quantitative PCR, in this case,
DzyNA PCR, for the determination of the percentage of gene-containing and gene-
expressing cells. Figure 3A is a schematic of the DzyNA PCR detection method and
Figure 3B shows the means of quantitation.

Figure 4 illustrates the mathematical model for CD4+ T lymphocyte production

20 from CD34+ HP cells. The parameters that have been considered are the rate at which
T lymphocyte precursors leave the bone marrow, pass through the selection
mechanisms within the thymus, and are exported as naive cells (N) into the peripheral
blood. This requires estimation of thymic export for individuals at different ages,

because it is known that the thymus involutes with age and its rate of CD4+ T



mechani sms within the thynus, and are exported as naive cells (N) into the
peripheral blood. This requires estimation of thymc export for

i ndi vi duawe oawoddiif f erent ages, because it is known that w®he/uSeyenrs3
involutes with age and its rate of CD4+ T WD 03/006612 PCT/ US02/ 21713 7

| ynphocyte export decays accordingly (Segpowski et al, 2000). Once
established as naive cells in the periphery, the survival and expansi on of
gene containing T |ynphocytes is dependent on the natural honeostatic
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in the Figure,  and they conprise 5 processes (1) - (4) which are the
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for CD4+ T | ynphocyte production from CD34+ HP cells in the presence of
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whi ch RRz2 (or other anti-H YV gene)-containing T |ynphocyte precursors

| eave the base:lsmhédVexppa®ss nkRmatghcllhfosahe tiynoR (Mg ab@nitisABf dAFva(2)hi n t he
thymus, and are exported as naive cells (N) into the peripheral blood. This
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nmechani sns and aFf W"g?]p’cu f;atg%ihé@ithaéwelarea?%éordwrop@z@ production from

10 CD34+ HP cells in the bone marrow.
Figure 6 illustrates the mathematical model for CD4+ T lymphocyte production from
CD34+ HP cells in the presence of HIV-1 infection. The parameters that have been
considered are the rate at which RRz2 (or other anti-HIV gene)-containing T
lymphocyte precursors leave the bone marrow, pass through the selection mechanisms

15 within the thymus, and are exported as naive cells (N) into the peripheral blood. This
requires estimation of thymic export for individuals at different ages, because it is
known that the thymus involutes with age and its rate of CD4+ T lymphocyte export
decays accordingly (Sempowski et al, 2000). Once established as naive cells in the
periphery, the survival and expansion of RRz2-containing T lymphocytes is dependent

20 on the natural homeostatic mechanisms and a potential selection advantage over Rz2-
CD4+ T lymphocytes when HIV alters these mechanisms. The natural mechanisms
regulating T cell numbers are depicted in the left-hand side of the Figure, and they
comprise processes (1) - (4) which are the aspects of CD4+ T lymphocyte development

detailed in the text relating to Figure 3.



CD4+ T | ynphocytes when H V alters these nechani sns. The natural nechani sns
regulating T cell nunbers are depicted in the left-hand side of the Figure,
and t hey woanpedese processes (1) - (4) which are the aspe®C3/ush2/OD4+ T

| ynphocyt e devel opnment detailed in the text relating to Figure 3. WO
03/006612 PCT/US02/21713 8 In addition to thymc export, RRz2 containing
CD4+ T | ynphocytes increase in nunber through activation by antigen and
expansion into the nenory T Lynphocytes. The present nodel of this
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10 Figure 7 illustrates the mathematical model for macrophage production from

CD34+ HP cells in the presence of HIV-1 infection. The model is based on the belief
that infected monocytes and macrophages plays an important role in maintaining
infection during administration of anti-retroviral therapy and that these cells
significantly contribute to ongoing infection when anti-retroviral therapy is not used. A

15 model that assesses the contributions of this infected component has been developed
here and incorporates some of the hypotheses of Zack et al, 1990 and Murray et al,
2001. The present model examines HIV-1 RNA and HIV-1 DNA dynamics in both
untreated and treated seroconverters. It takes into account the labile nature of
unintegrated HIV-1 DNA and includes latently infected CD4+ T lymphocytes and

20 infected macrophages. The model incorporates infection in an unintegrated form, both

defective L, and competent L, , through interaction with long-lived infected
macrophages M . Latently infected cells with integrated HIV-1 DNA L,, arise from

competent unintegrated HIV-1 DNA L, , as the HIV-1 DNA molecule is integrated.



20 infected macrophages. The nodel incorporates infection in an
unintegrated form both defective Ld , and conpetent L" , through

i nt er act iwo 03i00de12 ong-1ived i nfected nacrophages M. Lat eatlusor/anf7ext ed
cells with integrated HHV- 1 DNA Li , arise from conpetent unintegrated

H V-1 DNA L, , as the HHV-1 DNA nolecule s integrated. WO 03/006612

PCT/ US02/ 21713 9 Productively infected (?el s P, arise fromactivated cells
infected by free virus V, latently infected cells with integrated H V-1
DNA bei ng agiddatiesly idaeted bsinugh afed frém asgddiatadetid infacicd gy thive viruo dess of
interaction with in?ected macr ophages. Macrophages are infected through

contact wit @at%rﬁfﬁﬁ%e%?ad%ﬁg ?Jﬁt@q?tﬁgrgﬁ%i WNA%Einrg[hﬁtibﬁgﬁ%hh%oh@q QI8 aspect

of the present 1"nventi on, on relates, rou mat hemat | cal

nodeling, to the jdentification of a mnimmihreshaol d,n f
genetically a&%‘@?‘?fie(g%t PROSPIEO I ’iaﬁﬁg,’n Wﬁﬁ Iubff%ﬁqﬁ(g%}a Y g%%e(%ﬁl%g%ges are
reinfusion, are useful for ensuring_ that a significant proportion, if not
the entire Hafeied uresh eontaetpathyinterted masepirgiSed with genetical 'y nodified
cells of the various blood cell |ineages, such that the gene nodified
cells have a therapeutic effect. Further, the invention relates to a nethod
for achieving this mninmumthreshold nunber of therapeutic gene-containing

hemat opoi et iSenfiageftiedhvdritich cel|s. The nmethod conprises, in addition to
cell washing steps: nobilization of the HP cells from the bone marrow to

the peripheral bhLpgt £88RT HEREsAE invBRiRA S entiBRAEARS tBrodEh t he bl ood to
obtai n the nononuclear cell fraction; purification of the HP cell

popul ation b usi .angi : t j.ef]c- tk Q] i[gens;
Franster _of M utEpatd o MERRE SORER R Bl 1ERURYL AL 40,
activation aggl(ljeti%laHl}tr gﬁgﬁeerrg& IrﬂI%Vcleﬁg}lwhticgha,1 ?gl(fio%%}lslg Gransduction and reinfusion, are

useful for ensuring that a significant proportion, if not the entire hematopoietic system,
is repopulated with genetically modified cells of the various blood cell lineages, such
that the gene modified cells have a therapeutic effect.

Further, the invention relates to a method for achieving this minimum threshold
number of therapeutic gene-containing hematopoietic progenitor (HP) cells. The
method comprises, in addition to cell washing steps: mobilization of the HP cells from
the bone marrow to the peripheral blood compartment of the patient; apheresis of the
blood to obtain the mononuclear cell fraction; purification of the HP cell population by
using CD34 antigen or hematopoietic-depletion antigens; transfer of the HP cells to
tissue culture; cytokine/growth factor activation and culture; retroviral transduction;
subsequent cell culture; harvest; and re-infusion to the patient. The invention further
uses the model to generate a quantitative measurement of the transduced HP cells and a
quantitative measurement of the gene-containing progeny cells within an individual.
The latter provides a means to monitor the degree of gene-modified chimerism of the

hematopoietic system, as an indicator of potential therapeutic benefit.



subsequent cell culture; harvest; and re-infusion to the patient. The
invention further uses the nodel to generate a quantitative neasurenent of
t he transwomanodd2 cel | s and a quantitative measurement ofPCrhis02/21713
gene-contai ning progeny cells within an individual. The latter provides a
means to nonitor the degree of gene- rmdifl' ed chinmerismof the
hemat opoi eti ¢ system as an indicator of ?)otenti al therapeutic benefit. WO
03/ 006612 PCT/US02/21713 10 Detailed Description of the Invention: The
term "Hemat opoi etic Progenitor (HP) cells" refers to hematopoietic cells
that are pluripotential and continuously give rise in vivo to all of the
various |ing@esdPesclinEBe BRRLESL:C system The term "CD34+ cel | s"

IC

refers to céells ave € CD34+ antigen on their surface. They are a
subset of henat opgi eti c.progeni.tor | . .(fﬂgje ht ase ' i of.(p:ﬁ4+
cells" refers toeﬁ?‘nge e ceg?wjg%goéetngr§§?qlt§°r n acneglzls %g%rﬁ It(g ‘lg%%\txrt)%%ttlc 75>
positive for, CD34 antigen. The term "exogenous nucleic_acid product” refers
to an expr ed¥t BreInRYER 1AL alafr aontwab%aw%trﬁaen ygoineh gatecabu deasesats
preferably a fragment when introduced into the cell has a therapeutic

ef fect, preflerbgmajopmetiogysteriral effect. Also preferably the fragnent is
non-native to the cell. This product can include, but is not limted to a
gene encodi ng aTh¢ tdmi‘\CD3dradelis refierato ails mitcyhavanha@DR4 € astigeminstheire, a
ri bozyme, or other product that can be generated through transcription or

transcripti prfaddd The@ AR A4ubS&t ofWeinBiopolchls pfsdlehidralelg | i eu. The term "LNL6"
refers to a nurine retroviral vector, derived from Ml oney Mirine Leukem a

Vi , that h j ' I i
phosphot ransf or ad e PHER) T ¥ CBRFEir uBk R Wb PRGN Dn ey or 16

based on

population that is positive for CD34 antigen.

The term “exogenous nucleic acid product” refers to an expressible nucleic acid
fragment that is introduced into a cell, preferably a fragment when introduced into the
cell has a therapeutic effect, preferably an anti-viral effect. Also preferably the
fragment is non-native to the cell. This product can include, but is not limited to a gene
encoding a protein, including an antibody, an antisense molecule, a ribozyme, or other
product that can be generated through transcription or transcription and translation
within the cellular milieu.

The term “LNL6” refers to a murine retroviral vector, derived from Moloney
Murine Leukemia Virus, that has the replicative genes deleted and the neomycin
phosphotransferase (neo”) gene inserted (Bender et al, 1987). The vector is based on
the retroviral plasmid, pLNL6, which contains the replication-incompetent retroviral
vector LNL6 (Genbank accession number M63653).

The term “Rz2” refers to an anti-HIV hammerhead ribozyme targeted to a
highly conserved region of the fat gene. ). The Rz2 ribozyme sequence in the DNA

form is 5'-TTA GGA TCC TGA TGA GTC CGT GAG GAC GAA ACT GGC TC-3',



the retroviral plasmd, pLNL6, which contains the replication-inconpetent
retroviral vector LNL6 (Genbank accessi on nunber M63653). The term "Rz2"
refers towandaedei2 H V hanmer head ri bozynme targeted to a [rCghiSy2/zomser ved
region of the tat gene. ). The Rz2 ribozynme sequence in the DNA formis

5 -TTA GGA TCC TGA TGA GIC CGI' GAG GAC ACT GCC TC-3', WD 03/006612

PCT/ US02/ 21713 11 SEQ ID NO 3 and in the RNA formis 5 - UUA GGA UCC UGA
UGA GUC CGU GAG GAC GAA ACU GGC UC-3', SEQ ID NO 4. The term "RRrRz2" refers

to a retroviEe IVRCO:DEnERNEE RN is SNISUN GGARZCC TGeUGadGUTtOGUNe 3
untransl ated region of neo'. The term "DzyNA" refers to a nethod for

real -tinme q@ﬂé' e i N Qeaptification of DNA or RNA such
as that descri ?ﬁ?/%g@gtﬁ%@;?%?iggég@S and U.S. Patent No. 6,201, 113.
The term "trans tion.,refers to the introduction of Lhtp.a cell
and the consequeht “ERp éi B%erggo?ﬁ&g{ovbrgf;] ec%cf’ﬂs&ftm@ecfaflﬁﬁljiwgﬁ st
aspect, the present invention provides for, the determ nation of dose and
met hod of pispaed wkp be R ynkamslaigdegigndi ek ogenous t her apeuti ¢ gene(s) for
delivery to a subject. To determ ne the effect of giving an increased HP
cell dose to a p&he e “DzyNiAGuefersibrenethod &ir redltmheaquantitative PERgdstentianed.
These sinulations were used to 5 predict whether or not the gene-transduced

HP cel | appeaedgihntitichibrdfINNAerRIA istidical that des@ibed anU. @ fHaeek 6040)085 unhé T
| ynphoi d and nonocyt e/ macr ophage progeny cell popul ati ons. Mt henmati cal

nmodel i ng wag; 4Bkt Noagd9ne3s3t he dynam cs of two cell populations; i)
CD4+T | ynphocytes, and 11)° nmonocytes together with their progeny

The term “transduction” refers to the introduction of a gene into a cell and the
consequent expreésion of that gene in that cell.
In a first aspect, the present invention provides for the determination of dose and
method of preparing cells containing an exogenous therapeutic gene(s) for delivery to a
subject. To determine the effect of giving an increased HP cell dose to a patient,
unique mathematical simulations were generated. These simulations were used to
5 predict whether or not the gene-transduced HP cell approach could produce a clinically
relevant effect on mature T lymphoid and monocyte/macrophage progeny cell
populations.
Mathematical modeling was used to address the dynamics of two cell
populations; i) CD4+T lymphocytes, and ii) monocytes together with their progeny
10 tissue macrophages. Modeling for each cell type was performed separately as the cells
are characterized by different cell growth, maturation and death parameters. For
example, the amount of viral reduction due to the Rz2-containing populations is
determined, and in the case of CD4+T lymphocytes, the extent to which the CD4+ T

lymphocyte population is maintained/increased in the presence of HIV is evaluated.



10 tissue macrophages. Mddeling for each cell type was performed separately
as the cells are characterized by different cell growh, maturation and
deat h parwowBeo®12 For exanple, the anmount of viral reductconusduzi7id t he
Rz2-contai ning populations is determned, and in the case of CD4+T

| ynphocytes, the extent to which the CD4x, T |ynphocyte population is

mai nt ai ned/ i ncreased in the presence of 1% V is evaluated. WO 03/006612

PCT/ US02/ 21713 12 Mathenmatical sinulation was based at |least in part on

publ i shed di f f er pratlicalaticaiGitatiiafos wadbiseayt Rhstah part 98 Bublited diffteat) t hat
describe: (i) T lynphocyte cell production over tinme as a function of age

of the indi géﬁﬁg#% Igg@ééalpfggtsbﬁaas@ym:) Hak Bdscrib& (wer Fynhwfﬂt)%gﬂe

activation a ration in response’'to antigen; and (ii1

Monocyt e/ magy, age productiaon. .The LAl at §. i ndi ' .easi ng
the dose of roeart ard SRl iol el ol B B e Te! AR 3P e Bl O LF

i ncreasi ng nunbers of gene-containing CD4+ T, | hoctyes and . ...

monocyt e/ na&abvﬁ%g'é@ho%@&ﬁ“éa“ioﬁéflé g?@ge[%gﬂ%ﬁ 1%%9%%??@ %@%@Tﬁ“&é@g of
transduced CD34+ cells exceeded 10% of the resident HP cells and nore

pref er ably Mpnegyiempsdopiags pfoduieon: esi dent HP cells this woul d i npact on
viral load and CD4+ cell counts. Mrreover, it was only by separately

nodel i ng i n bot Thé¢erholagéesindicated dmt inepdagmeshd dexe of HEP ¢abded a priewhiah ed t he
conditions under which an antiviral effect in the macrophages woul d be

seen. An anpiMdnbfd 1e6é1fRald %ﬂe ARCHOARABLSS: himbdPOf fRicohMining OM4H Bhi ng the
reservoir of H'V virus within a subject.” 15 In a second aspect, the present

et o0 PAER ERIA O LRI RISy R G o Bl
(a) obtaini 8? trIn{s?hrR:e% &BQJHe géllsaexgeee!dled 98‘9)%'&{1&'3 %@id%gtrﬁf’ icglilsngidcn?gé-;are era%%l 's;

10 exceeded 20% of the resident HP cells this would impact on viral load and CD4+ cell
counts. Moreover, it was only by separately modeling in both lymphocytes and
macrophages that the model predicted the conditions under which an antiviral effect in
the macrophages would be seen. An antiviral effect in macrophages is important for
diminishing the reservoir of HIV virus within a subject.

15 In a second aspect, the present invention provides a method for production and
delivery of this same percentage of cells containing a therapeutic gene. This method
comprises:

(a) obtaining from a subject a cell population comprising CD34+ HP cells;
(b) concentrating the HP cells to provide a cell population comprising at least

20 40% HP cells; and

(c) introducing a vector comprising a gene into the HP cell population, wherein
the gene is capable of being expressed in said HP cells and wherein the cells

are further cultured in vitro; and



(b) concentrating the HP cells to provide a cell popul ation conprising at

| east 20 40% HP cells; and (c) introducing a vector conprising a gene into
t he HP ceWwb opomishati on, wherein the gene is capabl e of becmgsexpressed in
said HP cells and wherein the cells are further cultured in vitro; and WO
03/ 006612 PCT/ US02/21713 13 (d) deternlg%ng t he nunber of such

gene-contai ning HP cells and non gene- taining HP cells such that upon
delivery to the same or another subject, the same or another subject
receives a dose @f) @terheaing the Minber b Guge gene-cwnriiging HRycdHS a0 hbs gaer kg
body wei ght of the subject in a total cell 5 population of 1.63x106 HP
cells per kg body V\fdngﬁﬁmg@ffeée?fs%ﬁéﬁ/thﬁhﬁ)oﬁ%ﬁ%rb/% {12AR R RhhE fBiddE cells

is such that one is observe at ‘| east % gene-contai ni ng HP cel | s
in the bone marrow of the t | owi ng

t he nmet hod. Nbdelln§‘5?889§%“h$ 5P%egr?ﬁl %%%%%?P&I%mggggq%gﬁ eﬁ%lng HP
cells is present |nthe bon rrowat apeut ef f ect 10 for
exanmpl e, an anti vi r&miERNg SIpelblég B‘?fg’ Weight tjl\‘}ﬁ? ﬁlbé?céf%?%"ﬁfeﬂt he
gene-contai ning CD34+ HP ceIIs produce gene-contai ni ng progeny | ynphoi d
and myel did cells tpepulation of Beb3add’dER eellsiner kabodyeightiual ' s body for at

| east 1 year following the introducing step. Still nore preferably the
chi meri ¢ hemat opPreférally shsinanbgrrod gemecomsninh @R edislit suah thétiohe igatlad Wi | |
include at least 0.01% 0.1 % 1.0% 10% and nore preferably 20% and 15

still more ppeies #bast PO% ﬁaﬁ@@oﬁ@mrgmaalsclﬁltwbm AiYoWwbf tkaubREd her al
bl ood cell types within years follow ng the introducing step. In

addition, t this
vethod w | 1 SRCELAEo k-7 BEERRGBR Tk e or, B JEHEPOHARd A8 Rk ol |

0 0, -
20% and st Io genréDcro%t r1%fg?-ﬁfa 11% 155 I(J)re/%e% Pnethe bone marrow a therapeutic effect, such as,

10 for example, an antiviral effect will be observed. More preferably, the gene-containing
CD34+ HP cells produce gene-containing progeny lymphoid and myeloid cells that can
be detected in the individual’s body for at least 1 year following the introducing step.
Still more preferably the chimeric hematopoietic system produced as the result of this
method will include at least 0.01%, 0.1%, 1.0%, 10% and more preferably 20%, and

15 still more preferably 50% gene-containing cells in any of the peripheral blood cell
types within 4 years following the introducing step. In addition, the chimeric
hematopoietic system produced as the result of this method will include at least 0.01%,
0.1%, 1.0%, 10% and more preferably 20%, and still more preferably 50% gene-
containing cells in a bone marrow sample obtained within 4 years following the

20 introducing step.

Thus this invention also relates to a method for predicting whether or not a
reduction in viral load in a subject is likely to be observed comprising the above
method steps and wherein following engraftment (i.e., the time at which the cells

establish themselves in the bone marrow) there are at least 10% gene-containing HP



containing cells in a bone marrow sanple obtained within 4 years foll ow ng
the 20 introducing step. Thus this invention also relates to a nethod for
predi cti rgowhoodsez or not a reduction in viral |oad in aPsuhjSer2171x |ikely
to be observed conprising the above nethod steps and wherein follow ng
engraftment (i.e., the tinme at which the1 ells establish thenselves in the
bone marrow) there are at |east 10% gene-contai ning H? WO 03/ 006612

PCT/ US02/ 21713 14 cells in the bone nmarrow. Further, in another preferred
enbodi ment eélidiRitbe boneansir®n, Fufther] inenothebpefafed gditedinaitaif tinmvamiim if non
gene-containing HP cells is less than the preferred nunber for

I nt roduct i Ofhd Hnther BE oS REdinink B8Mof Aéh S&lel BnBifing HPZRNs ¥ s P  NOre
addi ti onal nobilization and aphéreses are conducted until the pooled HP

I 5 mb - G I i |
or ovi ded | noirap ao Rl RoARERATARIE AR ik b coifRk £bbe ARRc oS
el Tvery t omess S oparoniigioR b G eL B pURtE 0 e POREIAET! 5y 106

more preferably in excess of 1 x 107 or 2x107 CD34+ HP cells and even 10
nore pr ef%r aBmpers fgenecad 108 izene-pontyning) issy iyt thpgmeupis psovidedipteri @) ng t he
gene(s) per kg body wei ght of the subject and still nore preferably in

excess of 8abovk07 or at |east 10 x 107 CD34+ HP cells containing the
gene(s) per kg body weight of the subject. Preferably, the resultant pool

of cells is suchrdfbiably, tHe@esult@ht o8I ¥f dells %&hﬁﬁ%&@hﬁfcﬁem géie(HDBorfthiRinRCt

receives a total number of cells (i.e. the HP cells containing the
nerapeut ccupanatelonSbla Sigiasn b TRy i sl o
cell's/kg or af 12t sR1 ) ?nro%eb %%fel%ﬁolgr % g‘x%)éél'soo% 1% u)?sor 2x10" CD34+ HP cells and even
10 more preferably in excess of 4 x 107 or 5x107 CD34+ HP cells containing the gene(s)
per kg body weight of the subject and still more preferably in excess of 8 x 107 or at
least 10 x 107 CD34+ HP cells containing the gene(s) per kg body weight of the
subject.
Preferably, the resultant pool of cells is such that, upon delivery to said subject,
15 the subject receives a total number of cells (i.e. the HP cells containing the therapeutic
gene(s) and all other cells present in the resultant pool of cells) of at least 1x10"/kg
body weight of the subject up to 4x107 cells/kg or more preferably up to 10x107 cells
per kg or more.
The population of cells "harvested" from the subject may be obtained by any
20 number of methods well known in the art. For instance, the patient may be treated so
as to mobilize HP cells from bone marrow into the peripheral blood, for example by
administering a suitable amount of a cytokine including, but not limited to, pegylated
Granulocyte — Colony Stimulating Factor, pegG-CSF, Granulocyte Macrophage

Colony Stimulating Factor (GM-CSF) and, more preferably G-CSF, followed by



per kg or nore. The popul ation of cells "harvested" fromthe subject may be
obt ai ned by any 20 nunber of nethods well known in the art. For instance,
t he pati ewOD oamyoshre treated so as to nobilize HP cells frecThsos21mes r ow
into the peripheral blood, for exanple by admnistering a suitable anount
of a cytokine including, but not limtedto, pegylated G anulocyte -

Col ony Stinulating Factor, pegG CSF, G anul ocyte Macrophage Col ony
Stinmulating Factor (GWCSF) and, nore preferably G CSF, followed by WO

03/ 006612 PeckiBRA1B3dR Akbmaphay, & selfsithdy i dspitatedlfiont Batd gt oHP cel | s
may be aspirated from bone marrow or cord blood in accordance with

vel 1 - known LaabldieSccotaaRE MRt wal1hien RRhYgRLLD popul ation of cel | s

preferably I ncludes one or nore ing steps (e.g. using centrifugation

or automated cel.l washe and/ or, de-.bul Ki 5. steps .(i.e 1o r e
excess red bl ootregg?ef% 0 %%A’ﬁﬁ‘fe t(‘?i;tpggl,ﬂa%?%?f;‘%gf g{e%efgﬁlsfﬁ%ﬂgci%ogg %an é’
Preferably, the debul king step i.s perfornmed usi n% a devi ced/su§h aﬁ%%he
Dendr eon ~ DAesiRg SIERIACECHSIPE SPniigaRan or anteraptsh callapherpiendior de-bufdtsr abl v
further conprises a HP cell selection step. HP cell selection nmay be

achi eved Dystepmiineto rafpieexopssoned plapd cells, gnatutgcytesclaietpie I -lyPmmdpeytabl y, t he
HP cell selection step selects 10 CD34+ cells or in another enbodi nent may
i nvol ve ant ughn Pekfpdablyl e debulithiotstey is pedomiddtgihgedeicnaickbs thed@dndsson
thereby enriching the cell population for HP cells. The HP cell selection

step can beppgrd oy«id (@ﬁérf& MedY@a'l,indétdhfSaieﬁhﬁQq S, gﬁ‘éféxﬁﬁﬁr faHRét as, but
not limted to, the Nexell/Baxter |solex 3001 (1rvine, CAj, the MItenyi

CL 0 S, (MY 1 SRRSO, B S AP BRI e o
the harvest Sf%n?tg %y lﬂ%%vi c%orgg:tr}? t%lcllnislqlgaesly P?é er%b{y?&%lﬁﬁ ceall ge?éclti_on step selects
10 CD34+ cells or in another embodiment may involve antigen depletion of mature/
committed hematopoietic cells, thereby enriching the cell population for HP cells. The
HP cell selection step can be performed using a variety of selection devices such as, but
not limited to, the Nexell/Baxter Isolex 3001 (Irvine, CA), the Miltenyi
CliniMACS, (Miltenyi; Biotech GmBH, Bergisch Gladbach, Germany), Stem Cell
15 Technologies (Vancouver, BC, Canada) StemSep Device.

The treatment of the harvested population of cells may also involve a cell-
culturing step to increase cell numbers and especially to increase the number of
selected HP cells. Cell culturing is also required to introduce the therapeutic gene(s)
into the cells and cell culturing may be used after introduction of the therapeutic

20 gene(s) to facilitate gene integration and expression of the gene construct and to
preferably expand the number of such gene(s)-containing HP cells.

The initial treatment steps (mobilization, apheresis, HP selection) results in the
obtaining of, and enriching for, HP cells. The definition of the percentage of HP cells

requires a measurable aspect of these cells such as CD34 antigen positivity. It is to be



culturing step to increase cell nunbers and especially to increase the
nunber of selected HP cells. Cell culturing is also required to introduce
t he t her aweuwsioesegene(s) into the cells and cell cul turingcrasobezi7ased
after introduction of the therapeutic 20 gene(s) to facilitate gene
integration and expression of the gene cpgstruct and to preferably expand
t he nunber of such gene(s)-containing HP cells. The initial treatnent steps
(rmobi li zation, apheresis, HP selection) results in the obtaining of, and
enri chi ng f anderkfBod élak the tiatedgebl of dellorx ofvo pheferablyc@nimaiyes aifleddP2¢%l, | s

requi res a nmeasurabl e aspect of these cells such as CD34 antigen

posi ti Vvity. nldre pfeférablRat WastCRPL) QR6E DrdterhbySid) o2 1044836094 Gnd Bbst Srefpsbly bat t he

treated pool of cells ex vivo preferably conprises at |east 20% nore

preferably gt { QY nore preferably still at |east 60% and nost
preferably afw $§§st 8?§)HP cells. Introduction of the therapeutic gene(s)

or nucleic acid,.seguence i.,nto ar |lea a portion of e HP cells may
be aohi eved wi ¢ FUERGCRT of the ittty By RN of audlefiteid @ipchoels” e pRs;
other nmethods.. In a preferred enbadi nent, the introducing step enploys,

t r ansduct ¥ oROTNAS e seils mpy be aehipedayithhpmee! & yarigty obmpBads, el KnoWia or
RNA) vectors carrying the therapeutic gene(s) or nucleic acid sequence(s).
Wher e t r ans tiutheiaororiogher mstlthdsa In £ prefetuest ¢robediment, thednirodpcingstep ¢aplgys.f or
retroviral vectors, the CH296 fragnment 10 of fibronectin known as

Ret r oNect i ntahsdathed uage S vEbcecRSs POMHETERE obfioPVRAIADINGE or RMADR@t®)s | S
preferably used. The HP cells containing the therapeutic gene(s) or nucleic

aci d sequenggtsihg i WleapbltR SREMY S0micgE £0id 98ubhedts). WA SBSREHENTS

| ynphoi d and Tyel oi d henat opoi esis), contain and ‘are preferably capable of
c1Dr eSS 1. 05, o BELARRHL G NSOE) e 5L SR ERHRSHS) saflsis C
10 of fibronectin known as RetroNectin or other agents such as polybrene or protamine
sulphate) is preferably used. The HP cells containing the therapeutic gene(s) or nucleic
acid sequence(s), and cells derived therefrom (i.e. from subsequent lymphoid and
myeloid hematopoiesis), contain and are preferably capable of expressing the
therapeutic gene(s) or nucleic acid sequence(s) where the therapeutic gene is intended
15 for cell expression.
The therapeutic nucleic acid introduced into the HP cells can encode a product
such as, but not limited to, proteins (e.g. transdominant proteins and intracellular
antibodies), antisense RNA, aptamers, interfering RNA and catalytic ribozymes in the
case of HIV/AIDS and these or other genes such as tumor suppressor genes in other
20 diseases.
The cells may be delivered to the subject in accordance with routine methods
such as cell infusion. The cells may be delivered together with a pharmacologically

acceptable carrier (such as, for example. 5% Human Serum Albumin) with

pharmaceutically aceptable buffers, salts, and the like. The subject may or may not be



The therapeutic nucleic acid introduced into the HP cells can encode a
product such as, but not limted to, proteins (e.g. transdom nant proteins
and i ntrawelBd@i2 anti bodi es), antisense RNA aptaners, Porasheei’ng RNA
and catalytic ribozymes in the case of HV/AIDS and these or other genes

such as tunor suppressor genes in other 4 O diseases. The cells may be
delivered to the subject in accordance wth routine nethods such as cel

i nfusion. The cells nmay be delivered together with a pharmacol ogically

accept abl e g@étl(1eefdr® ¥6-haSion bPheR¥BLIRLBjectedtd kBB aiieti o Ahb BBhdhaiibivh
pharmaceutically aceptable buffers, salts, and the |ike. The subject may or

may not be Hg;hé s 17 fIrs i r:e  resd si on of
the cells) !%%bf?lgétg ggp%]%enye %%étﬁ%%ag%oﬁtzﬁeﬂe%%{negg'n%?‘ggﬁ?’ 1?3«;?? ?fﬁfe}(%&las or

ot her hemat gpqi etic conditiqgning regj S. ve in a preferred. nethod
for engr aftinﬂeghoﬁftofﬁ?%rﬁ %&%8@@6&%%}%{39 {q?é)r%ﬁﬁgglélﬁ?ﬁ}oﬁ\f@ﬂti on and
i ndeed, a substantial benefit_of the present inventjon, the subject does
not recei vemsleghal yhppatial benelkof figpresenbinvertinn, thorsubiget dpeanotisaeivet e
destruction of the bone marrow) or other hematopoietic conditioning

regi nes. Thenyebnablation dhierapieG.e., vemhlptisorinsar caupletealestniptian tof hresuue athrang
engrafted HP cell population w thout nyel oablation is that it

myel oabl at i ofothepE@AMbESIctid HRIditibnings reBiiesn dthe bendfitexd tlicse edvetiods iar apeuti c or
radiation treatnents, are toxic, energy draining and debilitating to those

subj ects r ?g@ﬁéﬁtﬁgg 4 B8nsilcdr RRRAbr2R4 HB’&H%%B%% Qithbli SiybBMAR PR (Y be
conbi ned wi th other therapies, including for exanple, other anti-viral

T oD es, . RS0l AL B R SRR frp 1 oS ™
Interferenc %reétmzeg?s} a:rier%m%,neensérggf ai\{linlg5a:m£c118d5ei)ﬁi%gtzrig tg I:tll(ljoste rs],l(}‘bj leci:tlé ?écegl?r{g e anpl e,
10 procedures.
The methods of this invention may be combined with other therapies, including
for example, other anti-viral therapies. Other antiviral therapies include for example,
the use of RNA decoys, intracellular antibodies, interfering RNA (Sharp, P.A. (2001),
RNA interference — 2001 in Genes & Dev 15:485-490), and the like. For example,
15 where the method is directed to the use of an anti-HIV therapy, such as for example a
ribozyme-type therapy, other anti-viral or particularly anti-HIV therapies may be used.
Where a ribozyme-type therapy is used, more than one catalytic ribozyme may be
delivered to a cell or different ribozymes can be delivered to different cells in the
sample originally removed from the patient. Similarly, the method can be combined
20 with other gene therapies not requiring HP cell transduction, such as standard
chemotherapies and protein therapies known in the art. One example with respect to

the treatment of HIV-infected patients is the combination of the method of this

invention with standard medicaments for HIV, particularly where HIV-resistance is



15 where the nethod is directed to the use of an anti-H V therapy, such as
for exanple a ribozyne-type therapy, other anti-viral or particularly
anti - H V wbesapices may be used. Wiere a ribozyne-type thecapsor/si7used,
nore than one catalytic ribozyme nay be delivered to a cell or different
ri bozymes can be delivered to different £ Ils in the sanple originally
renoved fromthe patient. Simlarly, the thod can be conbined 20 with
ot her gene "therapies not requiring HP cell transduction, such as standard
chenot her apiy@sctad 8r WhelealIV-iiiedtidRies skijesmhas prot/bé radfdctorPaeotBuedhipl-BIW t h
respect to the treatnent of H V-infected patients is the conbination of
the nmethod gf 4 hLg invention with standard nedi caments for HV,
particularly ere H V-resistance is WO 03/006612 PCT/ US02/21713 18

detected or where .H V-i.nfection in a.subject ha OV refractory to other
anti-HV treat %@Higsﬂfns\m’qnéoﬂﬁ%onpempéﬁﬁ% ag?eéagﬁl?%ﬁ%‘f%{ é@roé@wlgggener al

met hod for introducing exogenous gene containing cells of the,

hemat opoi et P¥OSSPQUSFANC CABLajRgFALlS 9h tieeaPioRot g systempthejayengpen isdirasted on) y
to anti-viral gene therapy for HV. In this nethod the harvested cells from
an HV pdsi by vayofibksupleanty tormntichad génsrthesmpy fir [ Varlg thisencthdvethapeut i ¢
gene(s) encodes an anti-HV product(s). Thus, in a third aspect, the

present i nvasiveaed gdIRvidhe sn FOV pdeftiveistitgedthes dobedifd HibcslRandig HP cel | s,
preferably CD34+ cells, which contain a gene(s) encoding an anti- 10 HV

product (s) fiREadefid %ﬁ%ﬁkﬁcms%%@wljﬂ&m, Pj ect in order to consistently

achieve an antivir erapeutic effect. e ribozynes are contenpl at ed
as a preferred odi 0 bS] i encodi i-viral
roduct s, can- be Hgest SR Shele EphAKR HhicRon B ile HETRREARL DS
interfering RNA, the like i.ndi caf ed. above, .t he hemati cal .
si nul at i ongpwawﬁaﬁgcféﬂ%mfﬁa?@iﬁ%bg‘?s lsqLiEh Softain  gene(s) encoding an anti-

10 HIV product(s) for delivery to an HIV positive subject in order to consistently achieve

an antiviral therapeutic effect. While ribozymes are contemplated as a preferred
embodiment of this invention, other gene-encoding anti-viral products can be used such
as, but not limited to antisense therapy, interfering RNA, and the like
As indicated above, the mathematical simulation for this determination is based
15 on published differential equations (Murray et al. 1998, Haase, 1996) and the
mathematical simulation used in this invention as applied to HIV infection takes into
account:

i) T lymphocyte cell production over time as a function of age of the individual

X

and mass of the thymus;
20 i) Naive T lymphocyte activation and proliferation in response to antigen;
ili)  CD4+ cell decline over the course of HIV infection; and
iv)  production of monocyte/macrophages.
The determination of the effect of increasing CD34+ dose was explored by

using mathematical simulations which provided a theoretical method to assess whether



15 on published differential equations (Miurray et al. 1998, Haase, 1996)
and the mathematical sinulation used in this invention as applied to HV

i nfecti orwpDakeeseint o account: i) T |ynphocyte cell produeCirarsonyEn3ti me as
a function of age of the individual and mass of the thymus; 20 ii) Naive T
| ynphocyte activation and proliferation ’:9? response to antigen; iii) CD4+
cell decline over the course of HV infectio and iv) production of
nonocyt e/ macr ophages. The determ nation of the ef fect of increasing CD34+

dose was exp} f6t@He RRz2 YfinbhcBR UmBmacel abprdhdAkoild produyd ElnipdBMeleahta
theoretical nethod to assess whet her WO 03/006612 PCT/ US02/21713 19 or not

the RRz2-tr + g)gle(ﬁD@géllf'ccﬁﬁxlt me?‘ﬂp%lq’(?ﬁihg%ﬁw ;Eﬂt\/ﬁ@d%@seaslﬁlhl mbfdhledict € evant

effect on count and vira atients ese si mul ati ons

RRe2. cont | nEHG ESFE O girRRs Ly aE aH ROReT gf%@%%@%e oA ou o

i mpact on CD4+ T |ynphocyte 5 counts and HIV viral |oad. Based on_ these

i mul at | ons IEPHeSES BRGBORAe el THHABRMEE YHCh HERHGPAH aT R h ABTPheCY i mber
of transduced HP cells introduced. The dose of transduced CD34+ cells is
i ncr easedd byount$ awt BIV girabload.eBated 2n-these stwaatiansevahayeetdboiserba mgthed ton
previous Phase | trials. This dose is attainable by the nethodol ogy

descri bed. dbgnamidiagkiofizedttt nin@byr offtranbdicad tiP-ddllY imraddoed. (Bhe ddseoef or e
conprises: 10 (i) obtaining fromsaid subject a population of viable cells

i ncl udi ng HR G&hb&t CDBL S LEIAR Ner&dBd dy § fdidh orlat le)asttzr LRF b R EREst B4et UT T NG
sai d popul ation of cells to provide a pool of cells conprising at |east
20% CD34+ Cel ldsm p%evmus Phase I trials. This dose is attainable by the methodology described.

The method of delivery of the anti-HIV product(s) therefore comprises:

10 (i) obtaining from said subject a population of viable cells including HP cells,
preferably CD34+ cells;

(i) treating and/or culturing said population of cells to provide a pool of cells
comprising at least 20% CD34+ cells; and
(iii) introducing at least one therapeutic gene into a population of the CD34+ cells

15 within said pool of cells such that said therapeutic gene(s) is/are capable of being
expressed in said CD34+ cells; wherein a resultant pool of cells is prepared which
comprises CD34+ cells containing the therapeutic gene(s) such that, upon delivery to
said subject, the subject receives a dose of at least 0.52x10° HP cells containing the
therapeutic gene(s)/kg body weight.

20 Preferably, the resultant pool of viable cells is prepared which comprises
therapeutic gene(s) containing CD34+ HP cells such that, upon delivery to said subject,
the subject receives a dose of at least 5x10°, more preferably in excess of 2x107, and
even more preferably in excess of 5x10” HP cells containing the therapeutic gene(s)/kg

body weight.



(ti1) introducing at |east one therapeutic gene into a popul ation of the
CD34+ cells 15 within said pool of cells such that said therapeutic
gene(s) iwoOas®o@apabl e of being expressed in said CD34+ @e€riusp2/aties ei n a
resultant pool of cells is prepared which conprises CD34+ cells containing
the therapeutic gene(s) such that, upon livery to said subject, the

subj ect receives a dose of at least 0.52Zx106 HP cells containing the

t herapeutic gene(s)/ kg body weight. 20 Preferably, the resultant pool of

vi abl e cel | s i spf@psiyethe MBultbntgooPsf ils is dubk tapawoh deliesrs (s ) petdentahai ng
CD34+ HP cells such that, upon delivery to said subject, the subject

receives a Eéﬁ;e%t RiceRbs b eRARnurabEP B cdR(Ee. REEHPI RN YortAnsABS thefipediicl 0, and

even nore preferably in excess of 5x107 HP cells containing the therapeutic

gene(s)/ kg boeg% Taiégiaﬁ%her\é‘é?ls(ﬁﬁ?e?xﬁ%f@e Eeglg{rt]é#gg)ﬁé%ﬂcjeﬁ@ &% fﬁaa%%/het he

resul t ant p%eol} errs 1s’s rvery to a patient,

patient receiyes a total 40) of cells (J. the HP | 1s containing the
t her apeut i c§°<§’eW@§1§5 u%??d‘babl Cg{sﬂ@ror(’f’é‘?rfa Qregl?ré‘glé(ﬁip tPr'}laf(h@ﬁ?ge%rl}P?rﬁ t pool of
cells) of at |east 1x107/k body wei ght up to 4x107 cells/ kg1 or nore
preferably up t&habayestingled ths papvtasipn of catlseand splysequend dreafment JPaY i on of

cells and subsequent treatnent thereof, may be carried out as descri bed
above in rebpemtied out dsalckiritet] abspeintresplectithehd finseadpecimf thémebmticabl y, t he
treatnment involves a first step of washing the popul ation of cells (e.g.

using a stapgasdbigeihe tMasReR InvoBRk h@Ralstep Jfavdshinedhdporulaiddpretlide-dul ki ng

(e.g. using a standard apparatus for renoval of excess red blood cells,

0 a5, Bpfhasflhssn Rlfe ERIRRY. SR ot sicr o Sl Sl el
cell washer gt’am%l? agﬁja!retttldg ifor} eﬁlcr)]x(faal lglf?e)?cnerssi rceg%?oodo c%?lg,l g%u%qucﬁés, gﬁlte,!lgt's, T-

10 lymphocytes) to produce a population of cells enriched for HP cells, a second step of
washing (e.g. using an automated cell washer), and culturing the HP enriched
population of cells.

The initial treatment steps (mobilization, apheresis, HP selection) results in an
enrichment of the proportion of HP cells. The definition of th)e percentage of HP cells

15 requires a measurable aspect of these cells such as CD34 antigen positivity. It is to be
understood that the treated pool of cells preferably comprises at least 20%, more
preferably 40%, still more preferably at least 60% and most preferably at least 80%, HP
cells.

Introduction of the gene(s) into at least a portion of the CD34+ cells is preferably

20 achieved through transduction of these cells with a retroviral vector carrying the
therapeutic gene(s), in the presence of a transduction-facilitating agent (e.g.
RetroNectin). However, those of ordinary skill in the art of gene therapy will recognize
that other published methods for introducing a gene into a cell can produce equivalent

results. The gene(s) may encode any anti-HIV product, but preferably encodes an anti-



The initial treatnent steps (nobilization, apheresis, HP selection) results
in an enrichnent of the proportion of HP cells. The definition of the

per cent ag&OmB/obds1zel | s 15 requires a neasurabl e aspect offCrhssz21ed | s such
as CD34 antigen positivity. It is to be understood that the treated pool of
cells preferably conprises at |east 20% re preferably 40% still nore
preferably at |east 60% and npst prefera% y at |least 80% HP cells.

I ntroduction of the gene(s) into at |east a portion of the CD34+ cells is
preferably HV catiytetisbziyhiesupdrtitulan gredéna@inamif HTVid satatgid sbomyinles are
retroviral vector carrying the therapeutic gene(s), in the presence of a

transduct i 0fids@Gihidh AtdvBHIRIRNIA W hidl the B@Eéﬂé\ﬁﬁt dHiculHiPYRViein tﬁeﬂﬁ%lﬂ yOf
-

ordinary skill in the art of gene therapy wil recognl ze that ot

publ i shed ”‘Eérﬁ‘s%f{%flsgéloh B%{h%f’geg{e@e qlugf%pﬁd(ﬁ%@§3 3846 § lzGRAcRICaGe equi val ent

results. The dgene but” preterably

encodes an CT 02/ 21713 tic ribozynes.
Particul arl g:]‘q g&ﬁﬁ ﬁ(&%‘ﬁfwv géffl’&lsﬁ’fr?lﬁ‘ H@%@Qs@ﬁ( KRB Whi ch
cleave HV RNA within the tat gene and, particularly, within the highly
Conser ved r Byibe 16934 TPaandBrrieqides S8 ieI SSL (IEAGEEA GEAL A BEHEFD
GAUCCUA, SEQ ID NG 3) of reference strain H V-HXB2 (Genbank accession 5
nunber KO0345RY-ERistraic (@edbiadie 2cb8SHntnonHh8BX 0 TGENGCCA GUA GAUCCUA) of the
H V-111B strain (Genbank Accessi on nunber X01762)) In a preferred

enbodi nent, t hersyPictsitedi@eifoditnt! ©dibjectves Aabatitcofydbabifeon dfaRe narrow
or other marrow conditioning reginen, and the step of delivering the cells

5 o R SRS ) et SRR Y
contai ni ng Ee@%ltg Qlet'ile s&bjgclzt%e IR a dos tba?iie}ést\'\faégﬁt()é CD34+ cells/kg body weight
10 and of this population at least 0.52x10° CD34+ cells containing the therapeutic
gene(s)/kg body weight.

The present invention further relates to methods to monitor for the presence and
expression of the gene construct. We have developed a quantitative real time PCR
methodology methodology for this detection. This type of quantitative real time PCR

15 methodology, termed DzyNA-PCR is disclosed and described by Todd et al. 2000 and
in US Patent Nos. 6,140,055 and 6,201,113 where a strategy is provided for the
detection of specific genetic sequences associated with disease or the presence of
foreign agents. The method provides a system that allows homogeneous nucleic acid
amplification coupled with real-time fluorescent detection in a single closed vessel.

20 The strategy involves in vitro amplification of genetic sequences using a DzyNA
primer which harbors the complementary (antisense) sequence of a 10:23 DNAzyme
(Santoro et al. 1997). During amplification, amplicons are produced which contain
active (sense) copies of DNAzymes that cleave a reporter substrate included in the

reaction mix. The accumulation of amplicons during PCR is monitored by changes in-



The present invention further relates to nethods to nonitor for the
presence and expression of the gene construct. W have devel oped a

guant i t atwoestemsi2 t i ne PCR met hodol ogy mnet hodol ogy for tRC3/u$er/z013 on.
This type of quantitative real tinme PCR 15 net hodol ogy, ternmed DzyNA-PCR is
di scl osed and described by Todd et al. 2000 and in US Patent Nos.

6, 140, 055 and 6, 201, 113 where a strateg s provided for the detection of
specific genetic sequences associated with di sease or the presence of

forei gn agemisrescige PRGNS Bf RphdEsn of SyGbRjhdhef dpd howsulROTRELAS
nucleic acid anplification coupled with real-tinme fluorescent detection in

2 singl e cl 835dp4aaaeldcs 8Py TROSHIANEANS! DGR derofbibuBERkE fdieakion of

genetic sequences using a e conpl'enentdry

(anti sense) uence of 0: 23 me . (Santoro et.al. 1997). .During

ol |11 cat | Bhinsaprw e e e b ke o of Bt b bR Copi s
of DNAzynes that cleave a reporter substrate included in the reaction mXx.
The accunul 839UshceoRealniyne smsasurerents ganpesPsriormsA oh dhedBhYRIPMEYELG n wo
03/006612 PCT/ US02/ 21713 22 fluorescence produced by separation of

f 1 uor o/ quen8karendyPeteotiert Sy tem i(AppliqidBiasystems) ot othephiesnoeyclirsitet hdveghe
DNAzynme cl eavage site within the reporter substrate. C eavage of this
reporter subgiachy e moditcoliRsesseiteas sdalitin@npl i fication of the target nucleic
acid sequence. Real-tinme neasurenents can be perfornmed on the ABI PRI SMr)

7700 5 Sequence BelEEhIR fiSYicTBatioiPfeivistd BEGRYHE By aflhtiGHsBER as

t hernocycl ers that have the " capacity to nonitor fluorescence in real tine.
Thr oughout thi s specifi i.on it he N i Se. -0r. vari ati uch as
"conpri ses” %rll? p'r":sgrgrpé’rri §§1%éh,91n§vi’l“fﬂl\é\%§l§%e gt(rgrg?oool ptl%ﬂllerwl{)lf1§1131to ﬁé’%.g%%@si on of a
stated elenent, integer or step, or group.of elements, integers or steps,
but not t heCBREMSHBHTSF S0 %{rs}gl& HlestTpitranteacrs fi g Byt fsExelisigfup of
el enents, integers or steps.

10 any other element, integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
15 field relevant to the present invention before the priority date of each claim of this
application.
The invention will hereinafter be described with reference to the following non-
limiting examples and accompanying figures.
Examples
20
Example 1:

HP cell harvesting, transduction and re-infusion.

In a preferred method, the invention comprises the following steps:



Any di scussi on of docunents, acts, materials, devices, articles or the |ike
whi ch has been included in the present specification is solely for the

pur pose oWopBowiei ng a context for the present inventionPCrtuses2yie3 to be
taken as an admi ssion that any or all of these matters formpart of the
prior art base or were comon general kn edge in the 15 field relevant to
the present invention before the priority date of each claimof this
application. The invention will hereinafter be described with reference to
the foll owi ng nopP ddiMViobiliga@xpfitnabe MdtliAGE e BBASIaROW in@ithe perifheralpl es 20
Exanple 1: HP cell harvesting, transduction and re-infusion. In a preferred
nmet hod, the kﬂmentlon conprises the follow ng steps: WO 03/006612

PCT/ US02/ 21713 23 1. HP Cell Mbobilization fromthe individual's bone

The ©ndi vi ddal t SebEaen: tirsrbre] ool B B Ridiel o 45uM BN o i

of the unpurified peripheral blood nononuclear cells by using a cell
washer in pP%lb%rati on for potential de-bulking;, 4. De-bulking Step; to
renove excess red cells, granul ocytes, platelets, and T- |ynphocytes; 5.
Washi ng St ep. #2: Weaishink Stepr##li: ofi g uspuGed genﬂlﬁragbb:)ocieilcbnqnaslhwcelﬂe)bﬁuSIGD34+
Cell Selection or depletion of antigen positive cells fromthe HP cell

a cell washer in preparation for potential de-bulking;

4, De-bulking Step; to remove excess red cells, granulocytes, platelets, and T-

lymphocytes;

5. Washing Step #2: of the enriched HP cells using a cell washer

10 6. CD34+ Cell Selection or depletion of antigen positive cells from the HP cell
population;
7. Washing Step #3; of the purified HP cells using a cell washer;
8. Cell Culture by placing the purified HP cells into culture with cytokines/growth
factors;
15 9. Transduction Procedure of the HP cells by using a retroviral vector containing
the gene construct in the presence of a transduction-facilitating agent;

introducing the viral vector;

10.  Harvest Cell Product and wash the HP cells, including the transduced HP cells;
11.  Preparation of Infusion Product: place the HP cells into an infusion bag and
20 perform product safety release testing; and

12.  Infusion of Patient cells back into the same individual.

These steps are described as follows with examples and other modifications to the

invention provided below:



popul ation; 7. Washing Step #3; of the purified HP cells using a cel
washer; S. Cell Culture by placing the purified HP cells into culture with
cyt oki neswgroameds12 f act ors; 15 9. Transducti on Procedure ofCrhmsora7eel | s by
using a retroviral vector containing the gene construct in the presence of
a transduction-facilitating agent; intr? ucing the viral vector; 10.
Harvest Cell Product and wash the HP cells, including the transduced HP
cells; 11. Preparatlon of Infusion Pr oduct : pl ace the HP cells into an

i nf usi on bagtepnld- P pigguct safety rel ease testing; and 12.

| nfusi on of Patient ceIIs back into the sane individual. These steps are
descri bed as f olTheWsstwidptofeiaprlceduranckseinRpent o ehdbilkat HPBS1S fork filke bone

i nvention provided bel ow. WO 03/006612 PCT/US02/21713 24 Step 1 - HP Cel

Mobi |'i zat i oRyrHREinkd &%g, fgﬁ&a@lo&&“&n@kﬁﬁﬁ@%ﬁe lyms@raf%%ﬁaﬂe%eﬁe@al ize HP

cells fromthe bone winto the peripheral blood. An”exanple here is

LZSJZ? cd cPaiBepitEnS C‘B%gmg:&%?ﬁlta%‘%%?rer i lﬁfe"r ?fj?%sff%ﬁ?ﬁﬁ@%nm ocyte
Va
filtration prgéeg%”@%m a1 Wepiay . GOS8 FROBBRDY Fa B or

cord blood in accordance wt h vveI I - known techni ques. G anul ocyte Col ony

St i nul at i ng feikwvedrby( aphesEis filiratmye Mlterhasivebn dPeekls maydsl dspigatad FormkansogenTM)
is adm nistered to the patient subcutaneously, at least at 10 10 g/ kg/day

and pr ef er aldayroat oredo@d blodd ig Ad@tdbaye withoeel Hiaidwh teblatiqugs. to five consecutive

Granulocyte Colony Stimulating Factor (G-CSF), ( Amgen, Thousand Oaks,
California, NeupogenTM) is administered to the patient subcutaneously, at least at 10
10 pg/kg/day and preferably at about 30 ug/kg/da};, once daily, for up to five consecutive
days. Complete Blood Counts (CBCs), differential and platelet count are performed
daily during G-CSF administration to assess the extent of the leucocytosis. A blood
sample to determine CD34+ cell counts is preferably drawn on day 3 of G-CSF
administration to ensure that the peripheral blood CD34+ count is greater than 20
15  cells/mm? prior to the start of apheresis. Failure to attain this CD34+ cell number does
not however prevent apheresis which generally occurs on days 4 and 5 of G-CSF
administration.
Step 2 - Apheresis (Example 1: preferably on days 4&5).
Apheresis is a method of “blood filtration” to obtain the mononuclear cell
20 fraction of the peripheral blood. Here, a Cobe Spectra (Gambro BCT, Lakewood,
Colorado), Haemonetics (Haemonetics Corporation, Braintree, MA) or Amicus (Baxter
Fenwal, Deerfield, IL) machines are preferably used on at least two separate occasions,
(preferably on days 4 and 5 following mobilization, where day 1 is the first day of

induced mobilization), though in other examples apheresis can be done on earlier or



days. Conpl ete Bl ood Counts (CBCs), differential and platelet count are
performed daily during GCSF adm nistration to assess the extent of the

| eucocyt o8DI3/0866l02 ood sanple to determ ne CD34+ cell coumCs/use2/pres er ably
drawn on day 3 of GCSF admnistration to ensure that the peripheral bl ood
CD34+ count is greater than 20 15 cells/ggﬁ prior to the start of

apheresis. Failure to attain this CD34+ I 1 nunber does not however
prevent apheresis which generally occurs on days 4 and 5 of G CSF

adm ni st r at ilQe: daSk 8p détermMRiEhe Slap abvRidR ke geriphérafl Bload (D3R ddayisis 4&ajer
Apheresis is a nethod of "blood filtration” to obtain the nononuclear cel
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t hough in othket Rloegiowdhroyals meefeablythisulifens1 @ b BUtmetsPr
PCT/ US02/ 21713 25 | ater de}%/s by determ ning the day at which the
peri pher a$ lshdowrCpderablyshitl 205 oggeeatesr Pradneinfrord e mdyerass is pithesitisated
preferably 10 cells/mB8 and nost preferably 20 cells/mB. 1In a preferred
enbodi ment , s¢furstelgrchesirsfeyeéd ktibodigldnt) lpadlepratidtihe sésonhaphavsis. Tdtaltcels (L)
of bl ood flow through, preferably this will be 5-10 L, but nore preferably
10-20 L, 5 2peht0na B @M &l dume arlteddfd@l €se JFSRPUGLL DR €ach
apheresis is either treated separately or, in a preferred enbodi nent,
pool ed after 0 h [ 610t al I t31 02 CD34+

rddiGe DR EE i BROPRET s By i el R S (BRI,

cel | nunber $Taree rEco?
greater than 5x106, pr bl reat.er n 2x10, re preferably greater
Shan ax107 Raadvinaal; B8 hefnraines prdpos ity b

10 Step 3 - Washing Step #1 (Example 1: preferably on days 4&5).

The pooled cells are washed. This is done by cell centrifugation (1,500 rpm or
300g, 15 minutes or similar) or more preferably using an automated cell washer, in one
example this cell washing is done by using a Nexell CytoMate washer (Nexell
Therapeutics, Irvine, CA) using a program that washes cells from bag 4 through

15 spinning membrane to wash bag 1 with the following parameters (Residual Fold
Reduction = 1; Maximum End Weight = 190mL; Source Bag Rinse = 50mL or
similar). This is followed by transfer of cells from wash bag 1 to bag 3 end product
with the following parameters (Tubing Rinse Volume = 90mL; Maximum Pump Rate =
50 mL per minute; or similar parameters).

20 Step 4 - De-Bulking Step (Example 1; preferably on days 4&5).

In one embodiment, the cells from the apheresis procedure(s) are "de-bulked" on
each apheresis day- using a system like a Charter Medical DACS-SC™ system
(Charter Medical, Winston-Salem, NC). In the embodiment where product is stored

overnight from the first (or consequent) day(s) for subsequent pooling with final day



10 Step 3 - Washing Step #1 (Exanple 1; preferably on days 4&51. The pool ed
cells are washed. This is done by cell centrifugation (1,500 rpmor 300g,
15 m nut ewowms/osdemi | ar) or nore preferably using an aut onrated/uset/ti7mmsher,
in one exanple this cell washing is done by using a Nexell CytoMate washer
(Nexel I~ Therapeutics, Irvine, CA) usinqgﬂ programthat washes cells from
bag 4 through 15 spinning nmenbrane to wa bag 1 with the follow ng
paranmeters (Residual Fold Reduction =1; Mxinmum End Wi ght =190nL; Source
Bag Ri nse =ph{diitt, e twdi dFinhdie hphelbyiSprogudtohle@aeiliyd du the e of @fllecdd sad r om
wash bag 1 to bag 3 end product wth the follow ng paraneters (Tubing

Ri nse Vol u SR | ar

par amet ers?ﬁle_ﬁl%gtspodu%&r Bdgl Sr?g%)IE &%d%@gﬂtﬁeege(% mﬁ?&é& 2?%1% 1>1/<§ﬂogrr11 days
485). In one e

S fro p g e
Yo bul Ked~ TR VeS AR e sy é SRR BRSSP o
DACS- SCTM syst arter Medic W ns | em NC t he enhaodi nent
where produDAGES &‘@hﬂs&ﬂcea%m%ﬁl@ngr%ﬁ?@g@ Sﬁw@a# %%#géeﬁxe?ﬁ eI}y ()
for subsequent pooling with final day WO 03/006612 PCT/ US02/21713 26
product , % havithaat abraker Ehapledneds wepraseiliey mvarsiondmdigllketbngntotdgangsyy of
coIIectlon and the first product stored until the second product has been
de- bul ked. packbutidst stgrileicouditivas | oadi ng t he washed apheresis cell product
onto the BDS60 solution within the DACS-SCTM device and centrifugi ng at

8509 for 30gEy Bl Residhe 282D @SGHBRS: GRlvshUs 5 Wi thout a brake. The product
is recovered by 1nversion and collTectron into a transfer pack under

steri e cond 1 op S SR e VASHEGyH A PR RIRTRLEdpo i, B e Qiphe 02

or days of collecC ored ore pooln &' res

product is subjected to a wash step using Dulbecco’s phosphate buffered saline (DPBS)

10 supplemented with 0.5% human serum albumin. This is done using a Nexell CytoMate
washer using a program that washes cells from bag 4 through spinning membrane to
wash bag 1 with the following parameters (Residual Fold Reduction = 1,000;
Maximum End Weight = 20mL; Source Bag Rinse = 50mL; or similar parameters).
This is followed by transfer of cells in 100% autologous plasma from wash bag 1 to

15 bag 3 end product with the following parameters (Tubing Rinse Volume = 195mL;
Maximum Pump Rate = 50 mL per minute; or similar parameters). The fluid path is
then washed with an additional 50 mL of the DPBS plus 0.5% human serum albumin.
The cell product is then stored overnight at a cell density of not greater than 200x10°
cell per mL at 2-8 degrees Celsius. The product that will not be stored overnight is not

20 subjected to a separate wash step as this occurs during the CD34+ selection step (Step 6

below).

Step 6 - CD34+ Cell Selection (Example 1; Day.5).



product is subjected to a wash step using Dul becco's phosphate buffered
saline (DPBS) 10 supplenented with 0.5% hunman serum al bum n. This is done
usi ng a NeRaBloodeyr oMat e washer using a programthat washegcCralshy2f71dm bag 4
t hrough spi nning nenbrane to wash bag 1 with the foll owi ng paraneters
(Resi dual Fold Reduction = 1,000; Maxi %n End Wei ght = 20nL; Source Bag
Rinse = 50nm; or simlar paraneters). iIsis followed by transfer of
cells in 100% aut ol ogous plasma fromwash bag 1 to 15 bag 3 end product

with the foll ow The galsap@taREs countbd, oo EethyYemboeinteni 3hbte therdyiid fRowPunNp
Rate = 50 nL per mnute; or simlar paraneters). The fluid path is then

washed i t hyade RALEPAR p1RRdThotte Lit6C e &P%%@ﬁge}twﬁ@w n.

The cell product s then stor over ni ght a cel not” greater

t han 200x10 | ] r 2-8 degr.ees si.us. .fthe pr ct that will not
be- st or ed ol igh 0N ShTafafiERIERR: S il SeRabitt aly Borel i o
occurs during the 4+ selection_step (Step.6 below . Step 6 - CD34+ Cell
Sel ection ( @@&WP@%@&& wil be peolesiat desslgtest tﬁ@frpesazvﬁ?v@ﬁﬁ@eﬁszwfﬁ]@ﬁ@& I's
are taken, counted, pooled (in the enbodi nent where there are two or nore
pr oduct s)5 afiwnptha pest-washing predudt b Gsing thralgolexided, Milthayiop e dineegs, deplefione,

CA) from the Isolex 300i (Nexell Therapeutics, Irvine, CA) disposable set.
(1 f there askatepy ef cellb@rpreysingmardent(s.caCD2WCD3, 0®1gp0Dad, @D19, D24t est tinme
point). CD34+ cells are selected 5 fromthe post-washing product by using

t he | sol ex i6, i 2 Al _ | &t +Qf 1158l des
expressing @ngjrykégyﬂbg%g&o%%%lﬁébg, CDT21dlEHCeiDe%lhﬁ)éH 103%16?38%}4 Q%Z%SG,éeCD%b
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10 the following steps of the automated procedure (as per the Manufacturer’s protocol and
software version 2.5): 1. Cells are washed in DPBS supplemented with 0.41% sodium
citrate and 1% of human serum albumin to remove platelets; 2. Cells are incubated
with the anti-CD34 antibody (as supplied) for 15 minutes at room temperature and
unbound antibody is removed by washing; 3. cells are transferred to the magnetic-
15 chamber for rosetting (30 minutes at room temperature); 4. magnet is applied to
capture the CD34+ cell/magnetic bead complex and unbound cells are removed by
washing; 5. bound cells are released by incubation with the release reagent PR34+; 6.
cells are washed and transferred to the end product bag for subsequent processing.
Step 7 - Washing Step #3 (Example 1; Day 5).
20 The cells are counted and washed by centrifugation or by using the Nexell
CytoMate or similar and transferred into cell culture medium comprising Iscove’s
Modified Dulbecco’s Medium (IMDM) supplemented with 10% heat inactivated Fetal
Bovine Serum and, in a preferred embodiment with 50ng/mL Stem Cell Factor (SCF)

and 100ng/mL Megakaryocyte Growth and Development Factor (MGDF). This is



10 the follow ng steps of the automated procedure (as per the

Manuf acturer's protocol and software version 2.5): 1. Cells are washed in
DPBS suppwermmo@d wi t h 0. 41% sodium citrate and 1 % of heearUuSszeIm3 al bum n
to renove platelets; 2. Cells are incubated wth the anti-CD34 anti body
(as supplied) for 15 m nutes at roomten?grature and unbound antibody is
renoved by washing; 3. cells are transfefted to the magnetic 15 chanber for
rosetting (30 minutes at roomtenperature); 4. magnet is applied to

capt ur e t hep&SfedGeIMDWMGRSHlemeRtea dhithorN Bxat aisttivated Bed] Beving Safuen r enoved
by washing; 5. bound cells are released by incubation with the rel ease

reagent PR34t: Wash %\2@3 I t oduct bag
for subsequ{ell-?j;l%1 g%%ﬁ%@s?ﬁéﬂﬁest ep gﬂr_o sﬁl{aﬁg“%%%ﬁg%sﬁ Exﬂaa%le(ggffgﬁDay). 20

The cells are counted and washed by centrd fugation or b i n e Nexel |
CytoMate or S%‘P?ﬁnigé?er’gl?{an? troa‘ﬁgs?lg)ﬁggd” ]ﬁﬁﬁlg flglg?‘?mgﬁl?l {aﬁeéerﬁg%?sz%agg%ri si ng

| scove's Mudified Dul hecco's Medium (I NDM_ suppl ted with _10% heat

i nact i vat edRedgction :BbQiiM%’“@@FIhFﬁlgmﬁlgh(tﬁ %Q%@%é‘i‘@ B mOLs RF Flﬁngéng/ L
Stem Cel | Factor (SCF) and | OQOng/nL Megakaryocyte Growth and Devel opnent
Fact or ( MEDpjranifters). This\wofodiened bg tansieme{ugdis fionywash g biertfagrned nredudyDv
suppl enented with 10% heat inactivated Fetal Bovine Serum using a Nexell

Cyt ovat e was figfeCpll bgg.amith tatfolasingpatdhdtars (Tubing Rénsd Vidhime g5008idi; nni ng
menbrane to wash bag 1 with the follow ng paraneters (Residual Fold

Reduct i o0 =pQimMe FMIRERE Ybhd e miR@ELor SAEGRrBAGR) NSe = 50nL; or

simlar 5 parameters). This is followed by transfer of cells fromwash bag

1 to bag 3 r ' N ,oyW th the follow ng paraneters
(Tubing Ri n@[~E @Qﬁ‘%@ 5 51{1 !Da SEa Rate = 50 nL per mnute; or

simlar paramet e’i’ﬁg éell%ta?g pl%céd %Lrelfer%{yt 1%185 ‘goEg(xaI%pcl:eﬁls}nﬁ 11%?0y c?ell%h?t?]je flasks,

10  cell culture bags or in a preferred embodiment into 1,000m1 (390cm?) Nexell Lifecell
X-Fold Culture Bag (Nexell Therapeutics) or similar with Iscove’s Modified
Dulbecco’s Medium plus 10% Fetal Bovine Serum (FBS) containing cytokines/growth
factors. In a preferred embodiment this cytokine/ growth factor mixture consists of
Stem Cell Factor (50ng/ml) and Megakaryocyte Growth and Development Factor

15 100ng/ml). Steps 3-9 will result in up to 12x10 HP cells or more (as assessed by
CD34 positivity) per kg. Cell culture is conducted in a 37 degree Celsius humidified
incubator with 5% CO, for 30 —36 hours.

Step 9 - Transduction Procedure (Example 1: Day 7).
The cells are harvested from the first flask or tissue culture bag, including in a

20 preferred embodiment a Lifecell Culture Bag or similar and using the Cytomate device
or similar, resuspended in retroviral supernatant such as a 200 microliter aliquot of a
retroviral-containing medium, which in a preferred embodiment is produced from using

AM-12 packaging cell line (Genetix Pharmaceuticals or ref Markowitz, D., Goff, S. &



The cells are placed at preferably 1x105 to 5x106 cells/m into cell
culture flasks, 10 cell culture bags or in a preferred enbodi nent into

1, 000m (somsm@piNexel |l Lifecell X-Fold Culture Bag (NexeCr/UBameEpRuti CS)
or simlar with Iscove's Mddified Dulbecco' s Medium plus 10% Fetal Bovine
Serum (FBS) contai ning cytoki nes/growth S§act ors. In a preferred enbodi nent
this cytokine/ growth factor m xture cor®ists of Stem Cell Factor

(50ng/ M) and Megakaryocyte Growth and Devel opnent Factor 15 100ng/m).

Steps 3-9 wBlahk £g¥HE8) CotldrucBor Zadliké JfiR s6R! dnd eficiemagnphatiopic pedagtheby
CD34 p05|t|V|ty) per kg. Cell culture is conducted in a 37 degree Cel sius

hum di fi ed Ggg\for 30 -36 hours. Step 9 - Transduction
Eé):(lgiririg‘?%%o%dé g%@ ,

Procedure ( eIIs are harvested fromthe first flask

Gl ture Bag or P 1 G et fonB S G %gevg%ﬁg%rr”‘ﬁeﬁ%d%' recel!

resuspended_in retroyiral supernat ant such as a 200 mcroliter i quot of a
retroviral - Sitidispcmgommertion Rogkvale, W&nﬁrﬁMﬁC@Hdlé‘ﬁﬁ%ﬂi Wﬁlap%e‘lpr oduced
fromusing AM 12 packaging cell line (Genetix Pharmaceuticals or ref

Markowi t 23 Bxcjlit@oTlie rilgizygewonGi31io® 68:10r, RBT2Z Usdmethqds3or geneBuimig viral (1988) .
Construction and use of a safe and efficient anphotropic packaging cell

line. Virol pgyicled Gdntaihdi): the Gibpzyrie hidi e degtpbed irt detai IR viieael @ -QeSurp ¢t r al
supernat ant was nmanufactured by BioReliance Corporation, Rockville, M

under GVP condidog9rphd @es?grxsﬁfcﬁh@tlldnsaﬁﬁ valiliagdd dftayl anatmv tﬁeqmzﬁ%tﬂ%m ng

vector, RRz2, “and’ met hods for generatl ng viral parti c €S contai ni ng t he

! I.I.Egzéren; gﬁﬁ/legfecféu%ﬁ gecuiargkllecﬂpggg %F ﬁvf@ cufi (A witihs oPRib B 98) In
%Egggsrsm!sn Ng-%ﬁ?ﬁlu%rana ress Ji‘he Vé{:?olr p%g'duc-lrr{]geée?ﬁﬁl%tv{facs pl ted !':Ltci%a El XOIQ)5 celﬁs per
10 cm? in 850 cm? roller bottles in DMEM supplemented with 10% heat inactivated fetal
bovine serum, and cultured at 0.5 - 1.0 rpm in a humidified atmosphere in the presence
of 5% CO2. When the cell density reached 9 x 10* per cm?, the culture medium was
replaced with IMDM supplemented with 10% heat inactivated Fetal Bovine Serum and
cultures for 4 hours. At time = 4 hours, the culture supernatant was collected and stored
15 at 2-8 degree Celsius, until all collections were prepared. The culture in IMDM
supplemented with 10% heat inactivated Fetal Bovine Serum was repeated for an
additional 5 hours and then again for a further 15 hours. In this way, 3 collections of
virus containing medium were collected, pooled and 0.2 micron filtered prior to sterile
filling 200 ml into 1 L Cryocyte bags (Nexell Therapeutics, Irving CA) and storage at -
20 70 degrees Celsius.
The GMP grade virus supernatant was analysed to confirm absence of
contamination by the following tests: Mycoplasma (1993 PTC), replication competent

retrovirus co-cultivation assay, Isoenzyme analysis, in vitro adventitious virus assay, in

vivo adventitious virus assay, sterility (membrane filtration) assay, bacteriostasis and



51- 64, Humana Press). The vector producing cell line was plated at 3-4 x
104 cells per 10 cn2 in 850 cnR2 roller bottles in DVEM suppl enented with
10% heat wopaswiesar ed fetal bovine serum and cul tured at POTAIS02/217@3 r pm i n
a hum dified atnosphere in the presence of 5% C02. Wen the cell density
reached 9 x 104 per cn®, the culture negé mwas replaced with | NDM

suppl enented with 10% heat inactivated Bovi ne Serum and cultures for
4 hours. At time = 4 hours, the culture supernat ant was col |l ected and
stored 15 a @asﬁﬁ(%éﬁ@or% SlttdGon)URtdyl, séddral Gafetyeett, ApScatneopipepsat ed. The
culture in | suppl emented with 1 % heat inactivated Fetal Bovine Serum

was repeat eﬂeﬁfo%ruélﬁmgﬁﬂgd’t{oh%% st h'lrﬁNngﬁbR hedy %ﬁ'ﬁ&c{eﬂﬁl éhdbtidREt 19

hours. In t ecti ohs O VI rus contal ni ng medi um wer e
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70 degrees Cel sius. The QW grade virus supernatan lysed to confirm
absence of leEAtATRPHERYIFIGA QWWWWHW?%YH&W%PW% ugec)

replication conpetent retrovirus co; cultivation assay, Isoenzyne anaIyS|s
in vitro Sdebtieiretraisl sigenstant dalx 10hcolonyforaigamilspeomd. vi rus assay,
sterility (menbrane filtration) assay, bacteriostasis and WO 03/ 006612

PCT/ US02/ 21713 BR: 200wisblitst sliquoewhbs aasfértddinmtd @odndssay culgeaeonthinegf et y
test, replication conpetent retrovirus anplification assay, residual DNA

PCR assay, @ﬂég@%& hich is BRAGRRXI X- F@l%tCulﬁﬂré B %lcﬁr’fﬁbeﬁxé@ox&m ate

chronogeni ¢ as I'n addition the material was tested for potency

'he et rovi FAEEA REYAREAen @uﬁﬁég%%ﬁe BT B RERGE PRt Mgl 1 200

mcroliter aliquof was transferred. into a.second tissue cult cont ai ner,
one type of SHANHIIpidS prig aLHrP%ErsﬂPka@gre& £ i diaTe ElEre AR A bas been

retrovirus
10 pre-coated with RetroNectin (Takara Shuzo Co., Shiga, Japan) at 1- -4mcg/cm’. The

RetroNectin coating is conducted, for example, by addition of 0.8mL of 1mg/mL.
solution of RetroNectin to a 390cm? LifeCell X-Fold Bag and incubation at 2-8 degrees
Celsius for 16-48 hours. Any unbound RetroNectin is removed by washing twice with
60mL DPBS. The Cytomate cell washing step is conducted using a program that

15 washes cells with IMDM plus 10% heat inactivated Fetal Calf Serum from bag 4
through spinning membrane to wash bag 1 with the following parameters (Residual
Fold Reduction = 10; Maximum End Weight = 20mL; Source Bag Rinse = 50mL; or
similar parameters). This is followed by transfer of cells in the retroviral supernatant
(200 mL in a preferred embodiment) that has been thawed and supplemented with the

20 cytokines SCF and MGDF at the concentrations as above, in a preferred embodiment.
The transfer is from wash bag 1 to bag 3 end product which is the RetroNectin-coated
LifeCell Bag with the following parameters (Tubing Rinse Volume = 195mL;
Maximum Pump Rate = 50 mL per minute; or similar parameters). The fluid path is

then washed with an additional 50 mL of the IMDM plus 10% heat inactivated Fetal



transduction facilitating agent. Such agents include polybrene, protam ne
sul phate, cationic lipids or in a preferred enbodinent, in a tissue

cul ture cwotoaioon2 t hat has been 10 pre-coated w th RetroNecwiusot/Tekar a
Shuzo Co., Shiga, Japan) at 1-4ntg/cnR . The RetroNectin coating is
conducted, for exanple, by addition of O0,8nmL of Ing/nL solution of
RetroNectin to a 390cn®2 LifeCell X-Fold % g and incubation at 2-8 degrees
Cel sius for 16-48 hours. Any unbound RetroNectin is renoved by washing

twice with CaffferkkBShe@rdNdcanBbfedBid cor@sifiinggeldd BPldiced ¢ondUdbgde USi Ng a
programthat 15 washes cells with | MDM plus 10% heat inactivated Fetal Calf

erum rom bag & hub1E0E I LORNRM SRTOAN 8- Yfighs B At ol e i

foll ow ng parameters esl| uction = 10; Maxi mum End Wi ght =
20mL; Source Bag.,Ri.nse =-.500t: or . sim.ar. paraneters).. This is f.0l | owed by
Cranst or of FEaRd CPRERECTR s Pt simbalsothiP R TR Shflrioh iehs o st Lo
enbodi nent) that has been .thawed and suppl enented with the EO cyt oki nes SCF
and MGDF at trepdersethioanemtissyn sullie sppfoimer (DRbarenceprotanaige swipBteheretummeth o

transfer is fromwash bag 1 to bag 3 end product which is the
Ret r oNectd nicthasame of sifrsige Retrgdgetwi-cdatadmontagiar diniomyhishrtbesecanms Th¥ubi ng
Ri nse Vol unme = 195nL; Maxi mum Punp Rate = 50 nlL per mnute; or simlar

par anet er s) trarfdfer Withitit Q@Ebdinaiess idehtienl vatetoostine deacribaddifor tvdirst50 nL of the
| MDM pl us 10% heat inactivated Fetal WO 03/006612 PCT/ US02/21713 31 Calf

Serum The Refdadest. ilﬂag;%ﬁ&éh QA% ERABARIHN RUAEI 3 fbsh WReEdidddtdr37 degree
Cel sius humidified incubator, with 5% 2. After 5-7 hours the transfer
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transduction,” ¢ are-er tne ransterre
i L Ret FORTTNOISSn oA £l 58 oF FORPSRE<-Ir Ly DER s SIHIG DerPgnGr er
with the Cytomate is identical to the procedure described for the first
time. An aliquot of the retroviral supernatant(s) is collected for sterility testing. This
growth/transduction procedure will result in up to 5x107 gene-containing HP cells or
more (as assessed by CD34 positivity) per kg of body weight. This number is
determined by quantitative assay such as DzyNA PCR. The transduction efficiency will
be at least 10% or greater, and preferably in the range from 30-50%, and more
15 preferably greater than 50%.
Step 10 - Harvest Cell Product (Example 1; preferably on day 8).
On the morning of day 8 (which in the preferred embodiment is day 3 of cell
culture), cells are harvested and washed using standard cell centrifugation (1,500 rpm
or 300g, for 15 minutes or similar)or automated systems such as the Cytomate samples
20 ofcell culture. . The Cytomate cell washing step is conducted using a program that
washes cells with RPMI without phenol red plus 0.3% human serum albumin from bag
4 through spinning membrane to wash bag 1 with the following parameters (Residual

Fold Reduction = 1,000; Maximum End Weight = 20mL; Source Bag Rinse = 50mL;

or similar parameters). This is followed by transfer of cells in RPMI plus 5% human



transduction. In a preferred enbodinent, this is done in a fresh 200nL
aliquot of retroviral supernatant as above and cul tured overnight. In

ot her enbwoioaeoies2 t his repeat transduction is either not PARASIDR1713
repeated several tinmes for simlar periods of 10 tine. An aliquot of the
retroviral supernatant(s) is collected fgp sterility testing. This

grow h/transduction procedure will result in up to 5x107 gene-contai ning HP
cells or nore (as assessed by CD34 positivity) per kg of body weight. This
nunber is detusr atbwad. blhefomstdariafromevab dag 1 sobig dsndpsodaciR@Rch Tdthe
transduction efficiency will be at |east 10%or greater, and preferably in
the range f nem@OpaRidor ddinaDintuslén froehe mat the GlRALS phﬂﬁﬁﬁt&@@ubﬁigep 10 -
Harvest Cell Product (Exanple 1; preferably on day 8% On the norning of
day 8 (whi clrihéd VhgnR-2i ®iiedvsahndl PRAb Ra&déanipénﬁﬁhe of er) cells

are harvested and washed using standard cell centr fugatl on (1,500 rpm or

300g, for 0 ted s ste as th Cytonat e
sanpl es 20 g)faf%({egl?%r urelmle%%g}?iﬁi‘?@e 081“1 Sﬁifné]ﬁ‘ofe (%%onduct ed
usi ng a program t hat shes ¢ w th RPM_ w t hout phenol red plus O. 3%
human seréj %55135%5’91% (f:]?% 1ty3th]F%)H’gWO§EL|Jﬁ4) Ine Ak apean s @lbulay

with the follow ng par arreters (ReS| dual Fol d Reduction =1, 000; MaX| me End
Wi ght = 20t sin8lgeamieBag Ri nse 50nmL; or simlar paraneters). This is
followed by transfer of cells in RPM plus 5% human WO 03/ 006612

PCT/ US02/ 21 B1cp 113 AndedienPralibietEramdled ; Degsfer is from wash bag 1 to bag 3

end product which is the transfer pack for the final infusion product wth
the fol | owi ng pacan®iefsysrEsiRpaticd B Q%ﬁys\{&b%@ﬁ‘nﬁsﬁﬁ(%ﬁ?fer M%EE&HM?‘S@U”D Rat e =
50 nL per minute; or simlar paraneters) his will yield up To 5 x

gene- cont ai oy KB el b Al or B Rl 8% cR ARG Lol R RRYEA RY dofhi or kg

in 100 nL unmaen serum a

10 culture (aerobic bacteria, anaerobic bacteria, fungus, mycoplasma). Infusion product is

not released until the results of endotoxin (LAL), hybridisation assay for Mycoplasma,
bacterialgram stain testing, infusion cell viability and CD34+ cell purity are available.
The dose of total CD34+ cells is calculated based on CD34+ cell number per kg body
weight. Transduced cell number is determined after infusion, once the results of

15  theDzyNA or similar PCR based assay is known.
Step 12 - Infusion of Patient (Example 1; Day 8).

The CD34+ cell preparation is administered to the patient as appropriate. In a
preferred embodiment, the patient receives a single infusion of 0.5-5 x 107 transduced
CD34+ cells or more per kilogram of body weight (cells/kg) in the physiologic infusion

20 buffer containing 5% human serum albumin or similar as carrier. The dose of
transduced CD34+ cells per patient will depend on the efficiency of each step of the
mobilization, apheresis, isolation, culture and transduction procedures. The total
number of CD34+ cells (transduced and non-transduced) is determined by cell counting

and flow cytometry. The introduced gene containing HP cells give rise to a chimeric



or simlar carrier. Step 11 - Infusion Product (Exanple 1; Day 8). Cells
are thus resuspended in a physiologic infusion buffer containing 5% human
serum al bwoiog/oess1si m | ar as carrier. Aliquot sanples are Pembsen217os
sterility 10 culture (aerobic bacteria, anaerobic bacteria, fungus,

nycopl asma). I nfusion product is not relgased until the results of

endot oxi n (LAL), hybridi sati on assay foriﬁycopl asma, bacterialgramstain
testing, infusion cell viability and CD34+ cell purity are available. The
dose of t ot abm§IORdittic Systdn irswhith Chdraiserhdcede of gtilBdontgining HRiodikrinier kg
body weight. Transduced cell nunber is determ ned after infusion, once the

results of {gnd ﬁ%ﬁw%ﬁhe %ﬁﬂﬂeﬁfoﬁm/ms%ﬁﬁwmﬁdﬁmms pereb@Bgder -

| nfusi on of Pati ent Exarrp 1; he CD34+ cell preparation’is
adm nistered_to the pat a f di ment, the
patient r ecge%e%onéa@% ecﬁllr?f %gtﬁg%tg %g%%bl}(' %E%Iler%%n@ u%g 4+ cells

or nore per kil o ram of ﬁod weight (cells/kg) in the physiologic infusion
20 buffer cBffeR ,%eag% ﬂ‘h% °serum al bumin or simlar as carrier. The dose
of transduced CD34+ cells per patient will depend on the efficiency of
each stepof the nobilization, apheresis, isolation, culture and
transduction procedures. The total nunber of CD34+ cells (transduced and
non-t r ansducedExampldet: Uss ¢fdozyiNA Tetinotopyrtd Detect amblQhiigify dhwt RPeredntage The

i ntroduced gene containing HP cells give rise to a chimeric WD 03/006612
PCT/ US02/ 21713 T33:sdehst Papetdis agy eaNMrber\WriGehe dafehihs Progesy CeN¥ age of
gene-containing HP cells 1n the bone marrow. For the treatnent of H V/ Al DS
positive individuals, this percentage of gene-containing HP cells is at

| east 5% preferably greater than 10% and nore preferably greater than
20%

Stepl Determination of the percentage of gene containing cells in the infusion product

10 Dby use of real-time quantitative PCR (DzyNA, see citations supra)

Step 2. Quantify the number of gene-containing progeny cells over time within

the individual by DzyNA quantitative PCR (see citations to methodology supra).
DzyNA-PCR is a general strategy for the detection of specific genetic

sequences associated with disease or the presence of foreign agents. The method

15 provides a system that allows homogeneous nucleic acid amplification coupled with
real time fluorescent detection in a single closed vessel. The strategy involves in vitro
amplification of genetic sequences using a DzyNA primer which harbors the
complementary (antisense) sequence of a 10:23 DNAzyme. During amplification,
amplicons are produced which contain active (sense) copies of DNAzymes that cleave

20 areporter substrate included in the reaction mix. The accumulation of amplicons during
PCR is monitored by changes in fluorescence produced by separation of
fluoro/quencher dye molecules incorporated into opposite sides of a DNAzyme
cleavage site within the reporter substrate. Cleavage of this reporter substrate indicates

successful amplification of the target nucleic acid sequence. Real time measurements



5 Exanple 2: Use of DzyNA Technol ogy to Detect and Quantify the Percentage
Transduction of HP Cells and the Nunber of Gene Containing Progeny Cells
St epl Detwormedsinon of the percentage of gene containi ng eeritsoym7the

i nfusi on product 10 by use of real-tinme quantitative PCR (DzyNA, see
citations supra) Step 2. Quantify the n er of gene-containing progeny
cells over tinme wwthin the individual by DzyNA quantitative PCR (see
citations to nmethodol ogy supra). DzyNA-PCR is a general strategy for the

detecti on otasiegdrformedenelid ABSBHLRTIES Saqmncs Berdtion Sistcthoeater or t he
presence of foreign agents. The nethod 15 provides a systemthat allows

honobgeneous yalGh&cfer@afh ARhd Edasity RmeatR Rdradtddie if RAl tilde 8y EbmRtescent
detection in a si'ngle closed vessel”. The strategy involves in Vvitro

anplificatign, of ' j - i ' rs the
ot eren o E HPELCHE MRS AR SR s ¢
anplification, . agplicgns are produ ch coptain active (sense) copies
of DNAzynesfP%%?’QREQV oﬁﬁﬂégh£%8g¥gﬁb%ﬁbéPpgpgﬂincluded in the reaction
m x. The accumrul ation of anplicons during PCR is nmonitored by changes in

f1uorescehce proBartd ByRoegiaeds hote been develened fouanbisisrofdigetorfandc ul es

i ncorporated into opposite sides of a DNAzyne cleavage site within the
reporter sutistapatitc agénesathatgentin the nsomegn résistarsepshe. aTkis iasady hat esious
successful anplification of the target nucleic acid sequence. Real tine

neasur ement §sdeh@ddiRP 6QkRatRE U UROZHdoh fransddbticir 2€ls BEd hdhftBith®ihet he ABI

Prism 7700 Sequence tection Systemor other thernocyclers that have the
capacity to

Copec Y OB RIRRRSPOS SNkl gy SRk ki e
LaJdol | a, m&n&)e&gogggggnel_thgrg{)}gcl er (Roche, CGermany).

10 The reporter substrate, Sub G5-FD, was synthesised by Trilink Biotechnologies
(California, USA). Sub G5-FD (illustrated below) is a chimeric molecule containing
both RNA (shown below in lower case) and DNA nucleotides. It has a 3’ phosphate
group that prevents its extension by DNA polymerase during PCR. Sub G5-FD was
synthesised with FAM (F) and DABCYL (D) moieties attached to the “T”

15 deoxyribonucleotides indicated. The cleavage of the reporter subsirate can be
monitored at 530nm (FAM emission wavelength) with excitation at 485nm (FAM
excitation wavelength).

SubGS5 —FD is shown here:
5’CACCAAAAGAGAAC(T-F)GCAATguT(T-

20 D)CAGGACCCACAGGAGCG-p 3’ (SEQ ID NO:5)

Two PCR primers were synthesised by Sigma Genosys (NSW, Australia). The
5° PCR primer (5L1A) hybridizes to the neomycin resistance gene. The 3’ primer

(3L1Dz5) is a DzyNA PCR primer which contains (a) a 5’ region containing the

catalytically inactive antisense sequence of an active DNAzyme and (b) a 3° region



5 DzyNA PCR protocols have been devel oped for analysis of vectors and

t herapeutic agents that contain the neonycin resistance gene. This assay
has vari owe 030e@s2 i ncl udi ng estimati on of the percent trameasoz/aTidf cells
and nonitoring the presence and quantification of transduced cells, or
their progeny, within patients under goigg gene therapy. 10 The reporter
substrate, Sub Gb-FD, was synthesised by“ rilink Biotechnol ogi es
(California, USA). Sub Gb-FD (illustrated below) is a chineric nolecule

cont ai ni g whadhhis Bhifkp feﬁ’fé%m%hﬁﬂh@\ﬂebrﬁyélﬁ\ﬂ@istmé%)sn@@u@@P(l‘RQin@ﬂiﬂcdﬁ&n | t

has a 3' phosphate group that prevents its extension by DNA pol ynerase

during PCR E ieties
attached to éﬂg %%V%g&z?’rl %Qﬁ@h?eot &edsleffn |e§é§%lselgﬂgﬁ' eﬁgxg%t\%%%&gf t he
reporter substrate can i tor AM eni ssi g | engt h)

D exci ¢ ABRRY SR IR E?‘i&}ﬁ“ﬁéﬁéﬁt"aﬁ%ﬁz&é@c&’f@r’?&?ﬁ"i)mpﬁﬁB%W’%  shown
here: 5' CACCAAAAGAGAAC( T- F)GCAAT uT(T.20 §) GCGp 3" (SEQID
NO 5) Two PERCp#aE! i (el 8’ &5giie |h§é€|t1‘6?yD b@e@ﬁmd(tmww@gt ralia).
The 5" PCR priner (5L1A) hybridizes to the neonycin resistance gene. The
3" priner5 RNA/DIA rémriar Sbghitte BOR (Br-FRer which contains (a) a 5 region
containing the catalytically inactive antisense sequence of an active

DNAzyne and Thb yeduencesof theOPCRDridibhdidGhdwn Rerkl US02/ 21713 35 which is

conpl ementary to the neonycin resistance gene. During PCR anplification
using 5L1A and 3L1Dz5s1hhgs8 lﬂ?ons produced by extension of S5L1A contain
both neonycin resistance se uences and catalytically active sense copies

of a DNAzyme 5' GAG TTC TAC CGG CAG TGC AAA 3' (SEQ ID NO:6

10 3L1Dz5 (3’ DzyNA primer)
5'CAC CAA AAG AGA ACT GCA ATT CGT TGT AGC TAG CCT
TTC AGG ACC CAC AGG AGC GGC AAGCAATTC GTT CTG

TAT C 3' (SEQ ID NO:7)

15 The human cell line CEMT4 was obtained from the American Type Culture
Collection (Rockville, MD). CEMT4 cells were transduced with retrovirus containing
the neomycin resistance gene. Genomic DNA was isolated from CEM T4 cells, as well
as CEMT4 cells transduced with retrovirus harboring the neomycin resistance gene,
using the QIAGEN DNeasy Tissue Kit (QIAGEN Pty Ltd, Victoria, Australia. Cat #

20 69504). DNA extracted from transduced cells was mixed with DNA from untransduced
cells (by weight) to obtain the following percentage of transduced DNA -100%, 11%,
1.2%, 0.1%, 0.02% and 0% (ie 100% untransduced CEMT4).

Genomic DNA isolated from CEM T4 cells, as well as CEMT4 cells transduced

with retrovirus harboring the neomycin resistance gene, was amplified by DzyNA PCR.



incorporated in their 3" regions. The active DNAzyne is designed to cl eave
the 5 RNA/DNA reporter substrate Sub Gb-FD. The sequences of the PCR
primers iwodhowmsihere: 5L | A (5 primer) 5 GAG TTC TACPCEGSCAB7TEC AAA
3" (SEQID NO6 10 3LIDz5 (3" DzyNA primer) 5 CAC CAA AAG AGA ACT GCA ATT
CGTI TGI' AGC TAG CCT TTC AGG ACC CAC Al GC GCC AAG CAA TTC GIT CTG TAT C
3" (SEQ ID NGO 7) 15 The human cell line Mr4 was obtai ned fromthe
Anerican Type Culture Collection (Rockville, MD). CEMI4 cells were

transduced Wehétidngco@uined20@0B0 phidldSI.1A NeorTepmplei IL1DeS] 50 pneES@eGs-FD
GCenomc DNA was isolated fromCEM T4 cells, as well as CEMI4 cells

transduced whijRy i i usi ng
the O AGEN DRBasy i EbEEe SRR DG BIEEREM 20BRARTE o' 4720

SgtS ?g)nsdt?glsggg(sireﬁgé?%%f romt fi‘%@@ﬁﬁ’ﬁé&% ?‘é?ﬁt%fefglﬁ‘g%r cen g]gt@bf

t ransduced 100% 119% % % 0.02% nd 0\%0&( ﬁlooo untra sduced
CEMTa) - Gendff leripNpI é%aééioweo%?%%}ﬁ%m Iug i pditigual

transduced w th retrovirus harboring the neomycin resistance gene, was

anpl i fi edd byeddgiNeolR@R.of WO 103 DDIPBEL@ rdatiivndSaa ¢ ¢t Tip3vhidls chreained dng of ont ai ned
20 or 30 pnole 5L1A, 1 or 2 pnole 3L1Dz5, 10 pnol Sub Gb-FD, 20U RNasin

(Pronega, CatadRQUSNA. o] relisbng @Bntalied GRS c&ﬁ%mhtm& tHRAXEEPtRN
reference dye and 1 x Q AGEN Hot Star Taq Master m x (Q AGEN Pty Ltd,

victoria, AYsLLRIBDNRL $hOMEiEhAEE pRke® i ABT BHGh 7780 Jkqfende ™ MICL2 i n

a total

Detection System, denatured at 95°C for 10 minutes, subjected to 10 cycles of 700C
for 1 minute with a temperature decrease of 19C per cycle, and 94°C for 1 minute.

10 This was followed by a further 60 cycles at 60°C for 1 minute and 94°C for 30
seconds. Fluorescence was measured by the ABI Prism 7700 Sequence Detection
System during the annealing/extension phase of the PCR.

Reactions with genomic DNA containing neomycin resistance gene showed an
increase in FAM fluorescence at 530 nm over the fluorescence observed in control

15 reactions. When 1 pg of genomic DNA containing DNA from transduced CEMT4
cells was analysed the calibration curve was linear over the range of 100 to 0.02%
transduced cells (R> consistently > 0.99). Reactions containing DNA from
untransduced cells, or lacking DNA, did increase over the threshold level during 70
thermocycles of PCR. Calibration curves generated using standard amounts can be

20 used to estimate the proportion of cells or DNA, containing the neomycin resistance
gene, in an unknown sample. The experiments described in this example illustrate one
set of reaction conditions that can be used to detect and quantify the neomycin

resistance transgene. This protocol can be modified readily by those of ordinary skill in



5 reaction volune of 40 |. Duplicate reactions were set up which contained
1g of genomc DNA. Control reactions contained all reaction conponents
wi t h t he womapodson of genom ¢ DNA. The reactions were pl acedson2Em ABI
Prism 7700 Sequence Detection System denatured at 95C for 10 m nutes,
subjected to 10 cycles of 70C for 1 m e wth a tenperature decrease of
1C per cycle, and 94C for 1 mnute. 10 is was followed by a further 60
cycles at 60C for 1 mnute and 94C for 30 seconds. Fluorescence was

measur ed bytHeher ABlusEd tosdBrett G e guensaipdeioacthe @Bom$Pyiatresistaeigege t he
anneal i ng/ ext ensi on phase of the PCR Reactions wi th genom c DNA contai ni ng

neomyci n regjf &ﬁﬁﬁ%@?%@@ﬁbcdl 0&d BRERIJHIFAMd HafasReArMeat 530 nm

over the fluorescence o n control 15 reactions. When 1 g of genom c
DNA contai ni ng.DNA.fromtransduced CEMI4 cells was anal ysed the

cal i brati on" @™ ks 1inear over the range of 100 to 0.02% transduced
cells (R2 consistently > 0.99). Reactions containing DNA from untransduced
cells, or lacking DNA, did increase over the threshold |evel during 70

t hernmocycl es of PCR Calibration curves generated using standard anounts
can be 20 used tlb vaBbeapprecipted bymsrons slﬁﬂecbmtb@ant@aénummusc@m@nﬁi ng the
neonyci n resi stance gene, in an unknown sanple. The experinents descri bed
in this exanm/ér mbdifishticalsenartee msdd toahe meamtiones showdiid therspedifiat can be used
to detect and quantify the neonycin resistance transgene. This protocol

can be nodi £i,66dinRARIWihdRY dé o ﬂ&m%@'@gﬂﬁfd& sbpd df the i £056ddy
PCT/ US02/ 21713 37 the art and used to detect the RNA transcript fromthe

neomyci n reggs%}ig&f;er eél%sent Qﬁlt,ﬁc‘fﬂl{%ﬂtst ég'tﬁérgf%{e' ol Iri%?ta\%.cr?%pegtg%

i ncl usi on of ‘reverse anscriptsin reaction m Xx.

appreci at ed. rsons skilled in the art that nunerous vari ati ons
PP 1I%trgt(leve and no restnlc%ve.
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10 therapeutic application.” Hum Gene Ther 9(9): 1283-1291.

Zack, J.A., Arrigo, S.J., Weitsman, S.R., Go, A.S., Haislip, A. & Chen, LS. (1990).
HIV-1 entry into quiescent primary lymphocytes: molecular analysis reveals a labile,

latent viral structure. Cell, 61, 213-22.



15 sane subject receives a dose of at least 0.52 x 106 gene contai ni ng
CD34+ HP per kg body weight in a total cell population of 1.63x106 CD34+ HP
cel | s perwbg3bedy2 wei ght; and e) introducing the dose to Phe/tsobpee:. 2.
The nethod of claim1 wherein there are at | east 10% exogenous nucleic acid
20 containing HP cells in the bone marroys of the subject follow ng bone
marrow engraftnent. 3. The nethod of claim 1l wherein if the nunber of
exogenous nucleic acid containing cells is less than 0.52 x 106 gene
cont ai ni ng CD34+ HP per kg body weight, then the cells are frozen and the
met hod of claiml1 is repeated or one or WD 03/006612 PCT/ US02/21713 44
nor e nobi | | ZAkdt@Nclaingtdds: apher eses steps are added until the HP cell nunber
is at least 0.52 x 106 gene containing CD34+ HP per kg body weight. 4. A
genetically nodified CD34+ HP cell popul ati on produced by the method of
claiml1. 5 5. The method of claim1l wherein the nunber of exogenous nucleic
acid containing livered to t co onpri ses
at least 1 x 10 %%Odl}lp '1%%0 yg exogeln?dg%%lél% &gd'gélﬁ {%ﬁéiﬂtgﬁélit?mher ein
t he nunber of ex nous Ie c.acid .containing CD34+ HP delivered to the
second orsane s geBitoy ﬁmh%ggqagmaﬂigqmmmﬁn thq eps oy pody weight. 7.
The nethod of claim1 wherein the nunber of exogenous nucleic acid
cont ai ni ng CD34+aHRbtrahing ercel S@mplleWemyéwﬁ@wmelmm@tsubscht | east 4 x
107 cells / kg body weight.

b) concentrating the HP cells to provide a cell population comprising at least

40% HP cells;
c) introducing a vector comprising an exogenous nucleic acid product into the
10 cell population wherein the exogenous nucleic acid product is capable of
being expressed in said HP cells and wherein the cells are further cultured in
Vitro;
d) determining the number of such exogenous nucleic acid-containing HP
cells such that upon delivery to a second or the same subject, the second or
15 same subject receives a dose of at least 0.52 x 10° gene containing CD34+
HP per kg body weight in a total cell population of 1.63x10° CD34+ HP
cells per kg body weight; and

e) introducing the dose to the subject.

2. The method of claim 1 wherein there are at least 10% exogenous nucleic acid
20 containing HP cells in the bone marrow of the subject following bone marrow
engraftment.
3. The method of claim 1 wherein if the number of exogenous nucleic acid

containing cells is less than 0.52 x 10° gene containing CD34+ HP per kg body

weight, then the cells are frozen and the method of claim 1 is repeated or one or



8. The method of claim 1l wherein the nunber of exogenous nucleic acid 15
contai ning CD34+ HP delivered to the second or sane subject is at |least 8 x
107 cel IwoO/o3kgpsoddy wei ght. 9. The nmethod of claim1l whererrusotiziTmunber of
exogenous nucl eic acid containing CD34+ HP delivered to the second or sane
subject is at least 10 x 107 cells / k%Apody wei ght. 20 10. The met hod of
claim1 in which the exogenous nucleic acid containing CD34+ HP cells
produce exogenous nucleic acid -containing progeny |ynphoid and nyeloid
cell's that can bgogeinesilRsidnaride aphétesss dteph a ddaely uiitilnthaiPleed siumbeyBar
followi ng the introducing step. WD 03/006612 PCT/ US02/21713 45 11. The

met hod of clains 'J&O%@Jﬁ?%eﬁé‘f‘mﬁﬁhﬁ%@l%ﬁ?ﬂ?b@%ﬁédfwéi)gﬁtt.em produced

a
as the result of tﬁe nmet hod claim1-conprises is at least 0.01%

exogenous nucl ei ¢ acid ~cont.ai ni el.bs. jin . Of j bl00d

cel typeshlwi t i §egetsally Elofii#ﬁ%oé\j/ig%‘gr %I:Ené: eill g ﬁhgi i %%Hg?e@go.v tgp%alaﬂhéefo met hod
of clainms 1-11 that produce a chineric hematopoietic systemthat is at

|l east 0.1 % exog@ﬁ%é- nucleic acid -containing in any of the peripheral

bl ood cell types within 4 years of treatnent. 13. The nethod of clains

1- 11 t hat5 pboducBhemethodef tleinh drwtergin theriunbey of exageneits nusleiagcid east 1%
exogenous nucleic acid -containing in any of the peripheral blood 10 cell
types within 4 yesitsinig CDh&&t HPrlelivérdd tolthe seihli od saafie sdbgéatrsorhpridestahat
produce a chinmeric hematopoietic systemthat is at |east 10% exogenous

nucleic aci d - cophgi ¢ dells 2RY bOdy WhRhPer i pheral blood cell types within
4 years of treatnent.
6. The method of claim 1 wherein the number of exogenous nucleic acid
containing CD34+ HP delivered to the second or same subject is at least 2 x 10’
10 cells / kg body weight.

7. The method of claim 1 wherein the number of exogenous nucleic acid

containing CD34+ HP delivered to the second or same subject is at least 4 x 10’

cells / kg body weight.
8. The method of claim 1 wherein the number of exogenous nucleic acid
15 containing CD34+ HP delivered to the second or same subject is at least 8 x 10
cells / kg body weight.
9. The method of claim 1 wherein the number of exogenous nucleic acid

containing CD34+ HP delivered to the second or same subject is at least 10 x
107 cells / kg body weight.

20 10.  The method of claim 1 in which the exogenous nucleic acid containing CD34+
HP cells produce exogenous nucleic acid -containing progeny lymphoid and
myeloid cells that can be detected in the individual’s body for at least 1 year

following the introducing step.



15. The nmethod of clains 1-11 that produce a chinmeric hematopoietic system
that is 15 at |east 20% exogenous nucleic acid -containing in any of the
peri pher awolBoo@i12 cel | types within 4 years of treatnent. PCé/USIhzI7nEt hod of
clainms 1-11 that produce a chineric hematopoietic systemthat is at |east
50% exogenous nucleic acid -containing ijL any of the peripheral blood cell
types within 4 years of treatnent. 20 177 The nethod of clains 1-11 that
produce a chineric hematopoietic systemthat is at |east 0.01% exogenous

nucl ei ¢ aci g1 - COMiinBihod of BlaBndi-APSvheRin BRIt d @thatbpdietic syistdm N 4 years
of treatnment. WD 03/006612 PCT/US02/21713 46 18. The net hod of claims 1-11

that produce a C?oggléééfasnﬁ@?ésﬁl@gf &l InfetBX (ﬁ&iedﬁﬁmi%oﬂlg%se@ris 41985t O@l%e%

exogenous nucl ei containing in a biopsy o e marrow n wthin

4 years of treatnent. of cl chinmeric
hemat opoi etic sy&t egr?P?‘Ff uc}eéc a(g&"iongaé%{g% Sl 13)?8%8%% an%(gchegl
-containing in a biopsy.of' bone_marrow .taken within 4 years of treatnent.
20. The net hod ofYPes Hithn 4 vaars %@W%ﬁ@ﬁ&‘@é"d&w’@ﬁlsﬁrl ¢ hemat opoi etic system
that is at |least 10% exo%enous nucl eic acid -containing in a biopsy of
bone nar rowl2.t akEire methhil of dlairest-4 1 diat praseicere shimerio lematopiegstivsysion thit is| ai ns
1-11 that produce a chineric hematopoietic systemthat is at |east 20%
exogenous nucl ei gt 1agst 0. 166 B adeRbOmiciei@adid apsiaitihg omey oftthe pevipHead diood t hi n
4 years of treatnment. 22. The nethod of claims 1-11 that produce a chimeric

hemat opoi eti c sygélpfypgmgth;n&; yéats depatm&al% exogenous nucleic acid
containing in a biopsy of bone marrow

13.  The method of claims 1-11 that produce a chimeric hematopoietic system that is
at least 1% exogenous nucleic acid -containing in any of the peripheral blood

10 cell types within 4 years of treatment.

14.  The method of claims 1-11 that produce a chimeric hematopoietic system that is
at least 10% exogenous nucleic acid -containing in any of the peripheral blood
cell types within 4 years of treatment.

15.  The method of claims 1-11 that produce a chimeric hematopoietic system that is

15 at least 20% exogenous nucleic acid -containing in any of the peripheral blood
cell types within 4 years of treatment .

16.  The method of claims 1-11 that produce a chimeric hematopoietic system that is
at least 50% exogenous nucleic acid -containing in any of the peripheral blood
cell types within 4 years of treatment.

20 17. The method of claims 1-11 that produce a chimeric hematopoietic system that is

at least 0.01% exogenous nucleic acid -containing in a biopsy of bone marrow

taken within 4 years of treatment.



15 taken within 4 years of treatnent. 23. The nethod of claim1l wherein a
nmyel oabl ation step is not perfornmed on the patient. 24. The nethod of

clai m1 vwerogiooseihe nmethod is used to introduce an anti-viPcalusovhgiapy to a
patient. 20 25. The nethod of claim1 wherein the anti-viral therapy is an
anti-HV therapy. 26. The nethod of cl ahén 1 wherein the anti-H V therapy
is a ribozynme therapy. 27. The nethod of Cclaim 1 wherein the ribozyne

t herapy includes the use of a RRz2 ribozynme. WO 03/006612 PCT/US02/21713
47 28. The u8e ofh¢ hethodbdziaims RRAZhatprpdueeiacdhinéric kdnadtopoittic Sistinnthaflis1l as
an anti- H'V gene therapeutic. 29. The use of other anti-HV ribozynes

ei ther alone or iaflea@mi RakbLMmows ic1ERRadid -Edhtiiim TR b MasEy OF b6hGInaRow- 11. 5
30. The nethod of claim 25 erein the anti-H'V therapy is an antisense

t herapy, the US%@L%Q?&%%M&Q{&{%G' | ul ar anti bodies, or interfering

RNA. 31. The use guantitative re ime PCR to determ ne the percentage
of CD34+ HP,,cel t hat .cqntain xogenous nucleic acid.fra nt_.or. a
transcriptidf pr iﬁﬁ&eﬁmgfo(%tci?émég(gaéﬁ%ﬂfgo%é PSRN henpqiapoielis S g‘%@ %‘?{ SThe
use of DZ%/NA PCR to determ ne the percentage of peripheral bl ood,
| ynphat i c® and bodkleagirl o fregenpus Rueipic saé toDipiniAg dhe bloppy af bensiBaEQt i n t he
met hod of any of clains 1-11. 33. The use of DzyNA PCR to determine the
per cent age of petdkshevitiin Blyeard of tregtmehtit i ¢ and bone nmarrow cel I s that
express an RRz2 gene construct in any of
20.  The method of claims 1-11 that produce a chimeric hematopoietic system that is
at least 10% exogenous nucleic acid -containing in a biopsy of bone marrow
taken within 4 years of treatment.
10 21.  Themethod of claims 1-11 that produce a chimeric hematopoietic system that is
at least 20% exogenous nucleic acid containing in a biopsy of bone marrow
taken within 4 years of treatment.
22.  The method of claims 1-11 that produce a chimeric hematopoietic system that is
at least 50% exogenous nucleic acid containing in a biopsy of bone marrow
15 taken within 4 years of treatment.
23.  The method of claim 1 wherein a myeloablation step is not performed on the
patient.
24.  The method of claim 1 wherein the method is used to introduce an anti-viral
therapy to a patient.
20 25. The method of claim] wherein the anti-viral therapy is an anti-HIV therapy.
26.  The method of claim 1 wherein the anti-HIV therapy is a ribozyme therapy.
27.  The method of claim 1 wherein the ribozyme therapy includes the use of a RRz2

ribozyme.



15 the nethods of clainms 1-11. 34. The nethods of clains 1-11 where the
nethod is repeated until at |east a bone narrow sanple taken fromthe
subj ect cwopsioe®s2 at | east 10% CD34+ HP cell. 35. A treatregnisoregiden for
an HV infected subject conprising performng the nmethod of claim1l in
conbination with at |ast one other anti-A$V therapy.

28.  The use of the ribozyme RRz2 as provided in claims in claims 1-11 as an anti-
HIV gene therapeutic.

29.  The use of other anti-HIV ribozymes either alone or in combination with RRz2
in the methods of claims 1-11.

5 30. The method of claim 25 wherein the anti-HIV therapy is an antisense therapy,
the use of RNA decoys, intracellular antibodies, or interfering RNA.

31.  The use of quantitative real time PCR to determine the percentage of CD34+ HP
cells that contain an exogenous nucleic acid fragment or a transcription product
of the exogenous nucleic acid fragment.

10 32. The use of DzyNA PCR to determine the percentage of peripheral blood,
lymphatic and bone marrow cells that contain an anti-viral construct in the
method of any of claims 1-11.

33.  The use of DzyNA PCR to determine the percentage of peripheral blood,

lymphatic and bone marrow cells that express an RRz2 gene construct in any of
15 the methods of claims 1-11.

34.  The methods of claims 1-11 where the method is repeated until at least a bone
marrow sample taken from the subject comprises at least 10% CD34+ HP cell.

35. A treatment regimen for an HIV infected subject comprising performing the

method of claim 1 in combination with at last one other anti-HIV therapy.



